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Diabetic kidney disease (DKD) occurs in 20% to 40% of patients
with diabetes mellitus and is the leading cause of chronic kidney
disease and end-stage renal disease in the United States. Despite
the American Diabetes Association and the National Kidney Foun-
dation advocating annual screening of diabetic patients, DKD
remains underdiagnosed in the diabetic population. Early recogni-
tion of diabetic nephropathy by health care professionals is vital
for proper management. The presence of microalbuminuria is
particularly important as even low levels of dipstick-negative
albuminuria indicate early disease long before a diminished glo-
merular filtration rate and are associated with an elevated cardio-
vascular disease risk. Like all forms of chronic kidney disease,
DKD causes a progressive decline in renal function that, despite
current treatment strategies, is largely irreversible. Many patients
with DKD might be expected to develop end-stage renal disease,
but many more patients will likely die of a cardiovascular event
before renal replacement therapy is needed. Therefore, a renewed
focus on cardiovascular risk factor reduction and a timely nephrol-
ogy consultation with an emphasis on patient education is essen-
tial to proper DKD management.
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ACE = angiotensin-converting enzyme; ACR = albumin-to-creatinine
ratio; ADA = American Diabetes Association; ARB = angiotensin Il
receptor blocker; CKD = chronic kidney disease; CVD = cardiovascular
disease; DKD = diabetic kidney disease; DM = diabetes mellitus; ESRD =
end-stage renal disease; GFR = glomerular filtration rate; HbA,_
glycosylated hemoglobin; MDRD = Modification of Diet in Renal Disease;
NKF = National Kidney Foundation; RAAS = renin-angiotensin-aldoste-
rone system

he prevalence of both diabetes mellitus (DM) and
chronic kidney disease (CKD) is steadily increasing|in

ing for DKD in patients with DM by measuring their serum
creatinine and albuminuria levélsDespite these recom-
merdations, DKD remains underdiagnosed in the DM popu-
lation>” In a review of Medicare beneficiaries’ records,
proteinuria was measured in only 63% of patients with®©DM.
Furthermore, in a survey of more than 1000 primary care
physicians, only 12% detected microalbuminuria in more
than half of their patients with type 2 DM.

Assessment of microalbuminuria is particularly impor-
tant in diagnosing DKD because low levels of dipstick-
negative albuminuria are an early clinical manifestation of
diabetic nephropathy that may present several years before
development of a diminished glomerular filtration rate
(GFR). Spot urine samples have replaced the need for
timed urine collections and can be used to easily identify
patients with elevated albumin excretion rates by measur-
ing the albumin-to-creatinine ratio (ACR). Once an el-
evated ACR has been detected, interventions should be
initiated to slow the progression of DKD and possibly
minimize the increased cardiovascular risk associated with
DKD, a risk that exists even in the early stages of DKD.

Although DM has long been identified as a cardiovas-
cular disease (CVD) risk equivalent, only recently has
CKD been more widely recognized by primary care physi-
cians in the United States as an independent risk factor for
CVD and all-cause mortalifi*! In a study of more than 1
million ambulatory adult patients, the risk of a cardiovas-

the United States. Current estimates suggest that 7% of theular event and death due to any cause increased at every

population (approximately 21 million people) have D
and that 13% of the population (approximately 26 millign
people) have CKD? It may be argued that histologi
findings of diabetic nephropathy, including glomerular

level of CKD below a GFR of 60 mL/min per 1.73,mwith
a nearly 3.5-fold increased risk of a cardiovascular event
and a 6-fold increased risk of death for those with a GFR of
less than 15 mL/min per 1.732r(ie, CKD stage 5)!

basement membrane thickening and mesangial matrix |exfurthermore, microalbuminuria alone has been associated

pansion, are present in all patients with DM. However,

with an increased risk of cardiovascular disease, both in

diabetic kidney disease (DKD), defined as an elevatedpatients with and without DNf:*4 Therefore, in patients

albumin excretion rate in a person with DM, occurs in 2096
to 40% of patients with DM and is the leading cause of CKD
and end-stage renal disease (ESRD) in the United States.

ha

with DKD, the cardiovascular risks of DM and CKD are
additive and increase as the kidney disease progrésses.

The increased prevalence of CKD is no doubt linked to
increased prevalence of DKD and DM, which is attribut
largely to a dramatic increase in the obesity Tate.

In response to the growing prevalence of DKD and DM,

d

which is increasingly recognized as an epidemic, the

American Diabetes Association (ADA) and the Nationgl
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EARLY DETECTION AND MANAGEMENT OF DIABETIC KIDNEY DISEASE

TABLE 1. Stages of Chronic Kidney Disease and Recommended Treatment?®

GFR
Stage Description (mL/min per 1.7F)m Treatmertt
1 Kidney damagdewith normal or =90 Manage comorbid conditions, slow progressioeduce CVD risk
elevated GFR
2 Kidney damagdewith mildly 60-89 Estimate progression as follows: compare serial estimated GFRs using serum
reduced GFR creatinine and MDRD calculation, track ACR
3 Moderately reduced GFR 30-59 Evaluate and manage complications as follows: (1) measure serum
phosphorus level, consider use of phosphate binders and low-phosphorus diet;
(2) measure vitamin D and parathyroid hormone levels, consider use of
vitamin D supplementation; (3) measure hemoglobin, consider use of ESA
4 Severely reduced GFR 15-29 Prepare for kidney replacement therapy
5 Kidney failure (ESRD) <15 or dialysis Kidney replacement (if uremia present)

a8 ACR = albumin-to-creatinine ratio; CVD = cardiovascular disease; ESA = erythropoietic stimulating agent; ESRD = end-btdigeas#iaGFR =
glomerular filtration rate; MDRD = Modification of Diet in Renal Disease.

b Includes treatments from preceding stages.

¢ Defined as abnormalities on pathologic, urine, blood, or imaging tests.

4 Glycemic control plus angiotensin-converting enzyme inhibitor or angiotensin I receptor blocker.

Data fromAnn Intern Med

The current article presents results of a literature review the urine. The presence of such proteins, typically albumin,
conducted to clarify the rationale and strategies for early in the urine is an abnormal condition and is often one of the
detection and management of DKD. first signs of various forms of CKD, including DKD.
Chronic kidney disease is defined as kidney damage
identified by proteinuria or by a GFR of less than 60 mL/
min per 1.73 rhbody surface area (with or without evi-
The National Library of Medicine’s PubMed database was dence of kidney damage) for 3 months or lorigdmable 1
used to conduct a review of literature published betweenshows the stages of CKD and the recommended treatments
January 1976 and June 2008. The following key terms wereat each stage. In patients with DKD, the disease process
used in the searcHiabetes, kidney disease, microalbumin- begins with renal hypertrophy and hyperfiltration resulting
uria, glomerular filtration rateanddiabetic nephropathy from elevated renal plasma flow. In patients with type 1
DM and type 2 DM, hyperglycemia leads to increases in
GFR of approximately 5% to 10%2% Although the
mechanism is not completely understood, a correlation
OvVERVIEW OF RENAL PATHOPHYSIOLOGY exists between glycosylated hemoglobin (HbAnd GFR,
The kidneys receive 25% of the cardiac output of blood. and normalization of bloodugar levés has been shown
Although 20% of renal plasma flow (ie, approximately 180 to normalize GFR*?°Other factors that influence hyper-
L) is filtered through the glomerulus, only small amounts filtration include increased ketone concentration, increased
of protein can be detected in the urih&everal plasma  activity of the growth hormone/insulin-like growth factor
proteins are freely filtered, whereas others are preventedsysem?® and disturbances in renal prostaglandins and
from crossing the glomerular filtration barrier, based on the the kallikrein-kinin system. In early-stage CKD, these
proteins’ molecular size and charge. Theistgnce of abnormalities are frequently associated with enlarged
several restrictive pores and of a glomerular charge barrierkidneys?’
has been proposed to explain why the glomerulus is rela- Hyperfiltration is typically followed by the loss of the
tively impermeable to proteins of greater molecular weight negatively charged glomerular filtration barrier, allowing for
(ie, >100 kDa) and to negatively charged proteins (eg, negatively charged proteins, such as albumin, to pass
albumin)® through the glomerulus and into the urinary space. The
More recently, it has been suggested that, under normalpresence of these proteins in the urinary space elevates uri-
conditions, a substantial amount of plasma protein, possi-nary albumin excretion and produces microalbumirtiria.
bly at nephrotic levels, is filtered through the glomerulus, Microalbuminuria is defined as an albumin excretion rate
but proteinuria is prevented because of proximal tubule between 3@nd 300 mg per 24 hours, a range higher than
cell retrieval*® According to this idea, damage that disrupts the normal rate (<30 mg per 24 hours) but below the rate
the glomerular filtration barrier, or possibly the proximal detectable by the standard urine dipstick methOder-
tubular system, allows larger, negatively charged proteins excretion of albumin typically increases at a rate of 15%
that are normally contained within the serum to pass into per yeat® and can result in macroalbuminuria (>300 mg per

METHODS

RESULTS
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24 hours) or even nephrotic-range proteinuria (>35 g per TABLE 2. Disorders Associated With Microalbuminuria

24 hours). Elevated blood pressure
In general, once macroalbuminuria (frank proteinuria) Elysllpldg?\tl)a 4 olasm ] hibitor 1
. . . . . evated fibrinogen and plasminogen activator inhibitor
;ets in, _GFR peglns to det;h??eF?rogresswe mesqnglal and Increased insulin resistance
interstitial cajdlary occlusion then occur, restricting the Increased sodium disorders and related disorders
glomerular filtration surface and leading to a further de- Increased transcapillary escape rate of albumin

Impaired basal endothelium-dependent vasorelaxation

crease in GFR. Some proFelns are reapsorped by the repal Increased left ventricular volume
tubules and accumulate in tubular epithelial cells. This Diabetic retinopathy
accumulation induces the release of vasoactive and in- Diabetic neuropathy

Peripheral vascular disease

flammatory cytokines, which damage the renal tubules Silent ischemic heart disease

and lead to tubular atrophy and interstitial fibrgSis
negative feedback loop is thereby initiated, wherein in-
creased proteinuria leads to increased tubulointerstitialcontrol, verifying that glycemic control remains one of the
injury and renal scarring, both of which further reduce cornerstones of treatment of DKD.
GFR?2

Both hypertension and hyperglycemia are important in ScreeniNg AND IMIONITORING TECHNIQUES
the development and progression of microalbuminuria and The ADA recommends that both microalbuminuria and
DKD. Table 2 presents a list of disorders associated withserum creatinine levels be assessed annually in patients
microalbuminuria. Several studies have shown that bloodwith DM to screen for DKD.For patients with type 1 DM,
pressure elevations either precede or occur in conjunctionscreening should begin 5 years after diagnosis because it
with microalbuminuria in patients with both type 1 DM and takes at least that long for signs of nephropathy to develop.
type 2 DM?°3132Among patients with type 1 DM and DKD,  For patients with type 2 DM, screening should begin imme-
those with increased urinary albumin excretion were found diately at diagnosis because the precise onset of DM is
to be prehypertensive (120-139/80-89 mm Hg) at baseline,often less clear, and the kidneys may have already sus-
and their blood pressure and albuminuria levels increased irtained damage from years of undiagnosed hyperglycemia
synch thereaftef:*? These elevations happened even though and/or hypertension.
overt hypertension was not present before the onset of After evidence of DKD has been detected, ongoing
microalbuminuria. In patients with type 1 DM and DKD, evaluations should be based on measurements of*GFR.
blood pressure elevations before the onset of DM correlatedHowever, in clinical practice, albuminuria is also typically
with the future development of microalbuminufia. measured to monitor disease progression and optimize

As previously mentioned, hyperglycemia can affect therapy.
GFR and is necessary for the development of DKD. The following sections review the various methods used
Likely mechanisms by which elevated glucose levels to measure GFR and albuminuria, focusing on the benefits
cause kidney damage include accumulation of advancedand limitations of each.
glycation end products, glucose-induced growth factor  Glomerular Filtration Rate. An index of functioning
expression, and increased expression of inflammatoryrenal mass, GFR assessment is the most reliable method of
factors. However, hyperglycemia alone is insufficient to detecting and monitoring renal impairment. Glomerular
cause renal dysfuncticf. filtration rate can be measured directly or it can be esti-

Most patients with DM never have clinically evident mated indirectly using the Modification of Diet in Renal
DKD, despite poor glycemic control. The absence of DKD Disease (MDRD) or Cockcroft-Gault equations. Simple
in these patients suggests a genetic predisposition formeasurement of serum creatinine is not recommended as
DKD. The existence of such a predisposition is supportedan estimate of GFR because creatinine levels are greatly
by studies showing an increased risk of nephropathyinfluenced by an individual’s muscle mass, and thus simple
among people with a family history of the disortfef. measurements may overestimate or underestimate true
Nevertheless, in susceptible individuals, hyperglycemia GFR. Another reason that serum creatinine measurements
plays a crucial role in the progression of DKD from may lead to an overestimation of GFR is that creatinine is
microalbuminuria to renal insufficiency and ESRD, as cleared via secretion by the proximal tubule, and extrarenal
shown in type 1 DM by the Diabetes Control and Compli- excretion of creatinine is common in patients with more
cations Trial’ and in type 2 DM by the United Kingdom advanced CKD#°
Prospective Diabetes StuéfyBoth these studies conclu- Direct measurement of the fractional excretion of inulin,
sively showed that the development and progression ofa fructose polysaccharide, is considered the criterion stan-
DKD are strongly correlated with deficiencies in glucose dard for GFR measurement. Inulin is inert, freely filtered at
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the glomerulus, and neither secreted, reabsorbed, synthe©ne study evaluated the equations by repeatedly measuring
sized, nor metabolized by the kidneys. However, using GFR with iothalamate for 10 years in 87 patients with type
inulin infusion to measure GFR is expensive, cumbersome,2 DM and varying degrees of renal function: hyperfiltration,
and not widely available. An alternative method for mea- normal renal function, and CKD stage 2 of Both the
suring GFR involves a single injection of a radioisotopic MDRD and Cockcroft-Gault equations significantly under-
filtration marker, such as technetium Tc 99m DTPA estimated GFR in patients with hyperfiltration and normal
(diethylenetriaminepentaacetic acid) or iothalamate | 125. renal function. Nevertheless, in patients with CKD stage 2 or
This approach provides an accurate measure of GFR irstage 3, GFR estimates made with MDRD closely matched
cases of renal insufficiency, but it can overestimate GFR iniothalamate-determined GFR.
healthy individuals and is also not widely availatfe. The reason that the accuracy of the MDRD and
The ADA and NKF recommend measuring the serum Cockcroft-Gault equations is diminished in cases of DM is
creatinine level and then using that value in either the unknown. Creatinine clearance rate varies with age, sex,
MDRD or Cockcroft-Gault equations to estimate GFR. ethnicity, and body weight, and it is also affected by
Both these equations take into account variations in creati-extremes of muscle mass and dietary intake. The NKF
nine across age and sex, and the MDRD calculation alsccecommends that GFR be measured using direct clearance
takes ethnicity into accoufft** The widely used MDRD  methods in patients with severe obesity, a population that
calculation is considered more accurate than the Cockcroftincludes many patients with type 2 DM but few with type 1
Gault equation for patients with CKD stage 2 or greater DM.! In patients with mild renal impairment (ie, CKD
(GFR <90 mL/min per 1.73#° The MDRD equation was  stage 1 or 2), the ability of the equations to estimate GFR is
developed on the basis of direct GFR measurements andhampered by hypertrophy and hyperfiltration, which com-
clearance of iothalamaté&l in a study of 1628 patients of pensate for damaged nephroasd may account for some
various ethnicities who had a variety of kidney disorders of the observed inaccuracies.
(6% had DMY!* The MDRD was then validated in another An alternative approach being investigated is the mea-
group, consisting of more than 500 individu@ls. surement of cystatin C concentration as a surrogate for
In general accuracy studies, more than 90% of GFR GFR. Cystatin C is a plasma protein that is freely filtered
values estimated with the MDRD equation were within through the glomerulus and almost completely reabsorbed
30% of directly measured creatinine values, compared withand catabolized by tubular cells. Several recent studies
75% of values estimated with the Cockcroft-Gault equa- have examined the use of cystatin C concentration as an
tion® Accuracy of estimates is improved if the clinical alternative method of estimating GFR. However, cystatin
laboratory calibrates the creatinine measurement to theC is not yet used clinically because it is not widely avail-
Cleveland Clinic’'s database, which includes approxi- able and is not currently recommended by either the ADA
mately 9000 GFR measuremefit§or this reason, many or the NKF.
clinical laboratories are now undergoing the necessary Preliminary results suggest that cystatin C measure-
steps to calibrate creatinine measurement. ments may more accurately predict GFR than the MDRD
Despite ADA and NKF recommendations, neither the or Cockcroft-Gault equations in patients with DM. In one
MDRD calculation nor the Cockcroft-Gault equation has study of 52 white patients with type 2 DM, the diagnostic
been validated for use in cases of diabetic nephrop&hy. accuracy of cystatin C measurements was 90% for iden-
recentaccuracy study of patients with DM and micro- tifying GFR at rates of less than 80 mL/min per 1.723 m
albuminuria found that, although both the MDRD and significantly greater than serum creatinine measurements
Cockcroft-Gault equations correlated with directly mea- alone (77%) or estimates made with the Cockcroft-Gault
sured GFR, both equations significantly underestimated theequation (85%j° A 4-year follow-up study of 30 Pima
filtration rate, especially in patients with microalbumin- Indians with type 2 DM showed that GFR estimates based
uria®® The rate of renal decline was also significantly under- on cystatin C were numerically similar to GFR, as deter-
estimated. The sensitivity of the equations to detect renalmined by iothalamate clearance, and that declining trends
impairment was 72% for MDRD and 66% for Cockcroft- in renal function were correlated between the 2 measures
Gault. Furthermore, the use of these calculations led to accur=0.77)# By contrast, GFR estimates made with the
rate identification of CKD (as confirmed by a measured GFR MDRD or Cockcroft-Gault equation did not correlate well
<60 mL/min per 1.73 Ay in only 51% (MDRD) and 66%  with iothalamate clearance<0.35)*
(Cockcroft-Gault) of sidy participantg? These provocative results await confirmation by larger
In a study of 169 patients with type 2 DM and studies. If the results are confirmed, cystatin C measure-
macroalbuminuria, both equations underestimated GFR,ments may be used to arrive at more accurate assessments
although MDRD performed better than Cockcroft-G&ult. of CKD stage.
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Albuminuria. Albuminuria can be assessed by timed optimize medical management and to educate patients
collections, both overnight and 24-hour collections, and by about CKD so that patients can take measures to preserve
spot urine tests used to measure ACR. Urine dipstick testgesidual renal function. Such measures may include weight
alone are not recommended for patients with DM becauseloss, a low-protein diet, smoking cessation, and nephro-
urinary protein levels vary with hydration and other fac- toxin avoidancé?® In particular, use of nonsteroidal anti-
tors, potentially leading to false-positive or false-negative inflammatory drugs should be discouraged.
results® Furthermore, early awareness of DKD may prompt cli-

The 24-hour timed collection of albuminuria remains nicians to adjust dosages of antidiabetes agents and to
the preferred method for the quantitative assessment ofconsider more frequent diagnostic tests. Metformin hydro-
proteinuria; however, it is inconvenient, and over collec- chloride, a widely prescribed antidiabetes agent, may gen-
tion or under collection errors frequently result from erate lactic acidosis in patients with an estimated GFR of
missed or improperly timed samples. Overnight timed col- less than 60 mL/min per 1.73and should be discontin-
lections represent an alternative measure, but the shorteued when the patient’s serum creatinine level increases
collection interval makes the sensitivity of overnight tests higher than 1.4 mg/dL in women and 1.5 mg/dL in fiten.
particularly vulnerable to under collectién. In addition, use of intravenous contrast dye and oral so-

The ADA and NKF now recommend measurement of dium phosphate solutions may precipitate contrast-induced
ACR with a spot urine test to screen for diabetic nephropa-nephropathy or acute phosphate nephropathy, respectively,
thy® Several studies have shown clinical equivalency of in patients with impaired renal function.

ACR and 24-hour collectiorf$®%° Both albumin and cre- Patient Preparation in Cases of ESRDDespite ag-
atinine are highly soluble, and their dilution in urine is gressive measures, ESRD may be expected to develop in
similar. Because creatinine excretion is generally constantmany patients with DKD, and ultimately some form of
the ratio of albumin to creatinine accurately representslong-term renal replacement therapy will be needed. In the
protein excretion during a 24-hour perfod. United States, the overwhelming majority of patients with

Several factors can increase urinary albumin over ESRD undergo hemodialysfsput preemptive living-re-
baseline values, leading to false-positive results, evenlated or living-unrelated donor kidney transplant is often
when ACR is used as a measure. These factors includéeasible with appropriate planning.
exercise within 24 hours of the urine test, urinary tract  Preparation for renal replacement therapy requires fo-
infection, fever, heart failure, marked hyperglycemia, cused patient education and timely referrals to a nephrolo-
marked hypertension, and protein intake. Furthermore, uri-gist, vascular surgeon, and kidney transplant center. The
nary albumin excretion has a notable intraindividual coeffi- success of such measures begins with early DKD recogni-
cient of variation, possibly as high as 409%0 minimize tion by the primary care physician.
this variability, first-morning-void urine samples are rec- Cardiovascular Risk Associated With CKD.Previous
ommended. However, tests with positive results should benephropathy screening guidelines for patients with DM
repeated, and a patient should not be considered to havéocused on retarding progression to ESRD. However, in
elevated urinary albuminuria until 2 of 3 abnormal results addition to being a risk factor for renal failure, CKD is now
have been obtained within a 3-month to 6-month time widely recognized as a major risk factor for C¥Dn a
framel? retrospective claims-based study of more than 1 million

Of note, a high-normal baseline level of albuminuria or Medicare enrollees aged 65 years and older, the risk of
a substantial increase in the level of albuminuria, even if cardiovascular events was significantly increased in those
still within the reference range, may signify future develop- with either CKD or DM alone, but cardiovascular risk was
ment of DKD?2 For this reason, tests having such border- greatest when both conditions were present (Figure).
line negative results may require closer (eg, 6-month) fol- These results are supported by prospective epidemiological
low-up, especially for patients at increased risk of DKD. studies that also showed an increased risk of CVD in pa-
For patients with documented renal impairment, annual tients with renal insufficiencif:1%58:5°
evaluations of ACR should continue to assess disease pro- Elevated cardiovascular risk occurs early in the devel-
gression and to monitor response to therapy (Table 1).  opment of CKD, as demonstrated by studies showing that

even low levels of albuminuria are predictive of C¥E*.
RATIONALE FOR EARLY SCREENING Using data collected from the Heart Outcomes Prevention

Slowing Progression to ESRDDiabetic kidney dis- Evaluation study, investigators found that the relative risk
ease, like all forms of CKD, causes a progressive decline inof myocardial infarction, stroke, and death due to CVD in
renal function that may be retarded via several treatmentpatients with microalbuminuria was 1.97 among those with
strategies. Early recognition of DKD allows clinicians to DM and 1.61 among those withdétndependent of diabe-
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60
[] No diabetes mellitus/no CKD (n=869,902)

50 [] Diabetes mellitus/no CKD (n=179,777)
[l No diabetes mellitus/CKD (n=25,573)

40 [l Diabetes mellitus/CKD (n=17,949)

30

CHF CVA/TIA PVD ASVD Death

Incidence per 100 patient-years

FIGURE. Rates of cardiovascular events in 2000-2001, per 100 patient-years, among individuals without diabetes
mellitus or chronic kidney disease (CKD); with diabetes mellitus but without CKD; without diabetes mellitus but
with CKD; and with both conditions. AMI = acute myocardial infarction; ASVD = atherosclerotic vascular disease;
CHF = congestive heart failure; CVA/TIA = cerebrovascular accident/transient ischemic attack; PVD = peripheral
vascular disease. Data from J Am Soc Nephrol.5”

tes status, microalbuminuria was shown to be an indepen-patients with DKD be considered in the highest-risk group
dent, continuous risk factor for CVD. Each increase in for CVD.*65162 Therefore, in addition to the slowing of
ACR of 0.4 mg/mmol increased the risk of a cardiovascular kidney disease progression, treatment of patients with
event by 5.9%3 DKD should include efforts to manage cardiovascular risk

In a study of more than 2500 men and women with no factors such as hypertension, dyslipidemia, and hypergly-
history of CVD, the relative risk of a cardiovascular event cemia on the basis of the more aggressive treatment goals
more than doubled when urinary albumin excretion was atrecommended for patients at highest risk of CVD. Specifi-
least 15ug/min? This increased risk was found to be cally, in patients with DKD and CKD stages 1 to 4, recent
independent of age, creatinine clearance rate, diabetes stalinical practice guidelines by the NKF Kidney Disease
tus, hypertension, total cholesterol level, and high-density Outcomes Quality Initiative recommend a target blood
lipoprotein cholesterol level. pressure level of less than 130/80 mm Hg, a target low-

It is particularly striking that many patients with CKD, density lipoprotein cholesterol level of less than 100 mg/
particularly elderly patients, may be several times more dL, and a target HbAlevel of less than 7.0%.

likely to die before progression to ESRDTherefore, al- Because most patients with DM and kidney disease also
though 26 million patients in the United States have CKD, have hypertension and dyslipidemia, these treatment goals
only a fraction will develop ESRD. apply to most patients with DKD. However, it is important

Many clinicians assume that most patients with CKD to remember that patients with advanced renal dysfunction
die of CVD before progression to ESRD, but progression is were excluded from many of the studies on which these
more likely to happen in patients with DKD. Although an recommendations were based. Furthermore, targeting
association exists between kidney disease and increasetllood pressure, low-density lipoprotein cholesterol, and
CVD risk, there are no controlled trials indicating whether HbA, _at levels lower than suggested targets or applying
treatment of patients with CKD improves CVD outcomes. such target goals to patients with stage 5 CKD (ie, ESRD)
Therefore, this association may be related to the commonmay not yield additional benefit in regard to CVD risk

risk factors involved. reduction and may actually place patients at increased risk
of adverse event§®
TREATMENT STRATEGIES Slowing Progression of DKD Activation of the renin-

CVD Risk Reduction. On the basis of these and other angiotensin-aldosterone system (RAAS) has long been rec-
findings, the scientific advisory boards of the American ognized as a key regulator of CKD progression. The RAAS
Heart Association and NKF Kidney Disease Outcomes is capable of causing kidney damage through several
Quality Initiative, as well as the Seventh Report of the Joint mechanisms, including systemic and glomerular hyperten-
National Committee on Prevention, Detection, Evaluation, sion, increased glomerular capillary permeability, and local
and Treatment of High Blood Pressure, recommend thatinflammation within the kidneys via release of several
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chemokines and profibrotic cytokin®sJse of an angio-  suggests that smoking cessation may significantly impact
tensin-converting enzyme (ACE) inhibitor or an angio- DKD progression in patients with microalbuminufia.

tensin Il receptor blocker (ARB) has been shown to retard  As renal function declines, several metabolic derange-
GFR decline in patients with macroalbuminuria and either ments predictably develop, including metabolic acidosis,
type 1 or type 2 DM?%In addition, the mainstay of DKD  hyperkalemia, hypocalcemia, hyperphosphatemia, hyper-
management has long been inhibition of the RAAS with parathyroidism, and anemia. As noted in Table 1, when
ACE inhibitors or ARBs. CKD progresses to stage 3 (GFR <60 mL/min per 1J3 m

However, neither ACE inhibitors nor ARBs have been screening and treatment for complications should com-
shown to reverse or even stabilize GFR in patients with mence®> When CKD progresses to stage 4 (GFR <30 mL/
DKD. Although these medications significantly decrease min per 1.73 1f), preparation for renal replacement therapy
the slope of GFR decline, the effect is often modest, with should begin, and a nephrologist should be constilted.
reported mean benefits of +0.8 to +1.0 mL/min per year for  Early referrals to nephrologists are generally appro-
3 years in patients with type 2 DM and macroalbuminuria priate because a nephrologist can often help guide the
compared with placebf8%® Thus, the benefit of ACE in- management of anemia and bone mineral disease associ-
hibitors and ARBs in patients with DM and nonproteinuric ated with CKD. A nephrologist can also provide patient
renal disease remains unclear. education regarding lifestyle modification and renal re-

Using a combination of ACE inhibitor and ARB therapy placement therapy options as the needs develop for such
has also been suggested for patients with DKD. However,interventions.
one recent study comparing the use of ramipril (an ACE
inhibitor), telmisartan (an ARB), or both showed no cardio-
vascular benefit from either medication or from the combi-
nation’° Compared with the ramipril group, the telmisartan Diabetic kidney disease is an extremely common compli-
group had a similar relative risk of renal impairment, cation of DM and is the leading cause of CKD and ESRD in
whereas the combination-therapy group had a significantthe United States. The current review has presented and
increased risk. Furthermore, the rate of renal dialysis wasanalyzed data primarily from studies of patients with type
the same in the ramipril group and the telmisartan group2 DM. Obviously, one should not overinterpret these data
but was increased in the combination-therapy group. when considering other specific groups of patients, such as

In addition to the use of ACE inhibitors or ARBs, blood those with type 1 DM or elderly persons, because not all the
pressure and blood glucose control aimed at targets forfindings and outcomes may apply.

CVD risk reduction have been shown to slow DKD pro- Early detection of DKD is important not only in slowing
gression. Several other modifiable risk factors associatedrenal disease progression but also in managing cardiovas-
with CKD progression, including obesity, dyslipidemia, cular risk. To that end and because serum creatinine mea-
anemia, a high-protein diet, and smoking, may also besurements and estimated GFR often have normal results in
effectively targeted when treating DKBAIlthough data early stages of DKD, health care professionals must under-
are limited regarding the renal protective effects of weight stand the importance of measuring albumin excretion rates
loss and statin use, several recent clinical trials showed ndo effectively screen patients for DKD.

improved cardiovascular and renal outcomes with hemo-

globin normalizatiori*"

The role of a Iow—protein diet is controversial for patients RE:EE?EDNOCQEI.S KDOQI Clinical practice guidelines and clinical practice rec-
with DKD. High protein intake increases GFR and may ommendations for diabetes and chronic kidney dise@seJ Kidney Dis.
!nducg hyperﬂltraﬂon, .thereby worsening glomerular |n'jury 202.7’(Af:?)(r?s(ﬁuf,pls?l;/?nle,s18?3\./ens L&t al. Prevalence of chronic kidney
in patients with renal disease. However, no renal benefit Wasiisease in the United StatéaMA.2007;298(17):2038-2047.

observed in a randomized study of patients receiving a low- 3. American Diabetes Association. Standards of medical care in diabetes—
. . . . 007.Diabetes Care2007;30(suppl 1):S4-S41.
pmtem diet (0'58 g/kg per day) vs a usual proteln diet (1'3 9/2 4. Engelgau MM, Geiss LS, Saaddine, 8 al. The evolving diabetes

kg per day)* Nevertheless, most experts in DM agree that a burden in the United Statesnn Intern Med2004;140(11):945-950.

inh- H i ; 5. Middleton RJ, Foley RN, Hegarty &t al. The unrecognized prevalence
hlgh prOtem diet may acce_lerate QKD prOgress,lon' T,heof chronic kidney disease in diabetésephrol Dial Transplant.2006
ADA recommends that patients with DKD restrict their jan;21(1):88-92. Epub 2005 Oct 12.

animal protein intake to less than 0.8 g/kg per3day_ 6. McClellan WM‘, Knight_ DF, KQFD_HBTO\_NH WW Early detectipn and_
treatment of renal disease in hospitalized diabetic and hypertensive patients:

A rgceqt S.tUdy §h0W€dI reduced development of MAaCrO5mportant differences between practice and published guidefines.Kidney
albuminuria in patients with type 2 DM who were former Dis. 1997;29(3):368-375.
; ; 7. Kraft SK, Lazaridis EN, Qiu (Clark CM Jr, Marrero DG. Screening and
SmOkers or who had never quked compared V\_”th _paFlent%eatment of diabetic nephropathy by primary care physicia@en Intern
with type 2 DM who were active smokers. This finding Med.1999;14(2):88-97.
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