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B KEY POINTS:

Diabetic nephropathy progresses in a
continuum of five stages from normal
renal function through stages of
proteinuria and ultimately renal
failure.

Testing for microalbuminuria can
identify patients at risk.

Rigorous glycemic control can reduce
the incidence of microalbuminuria and
also slow the progression from micro-
albuminuria to macroalbuminuria.
Aggressive antihypertensive treatment,
especially with angiotensin-converting
enzyme inhibitors, slows the progres-
sion of diabetic nephropathy, even
when renal function has declined.
Data suggest the goal blood pressure
should be less than 135/85 mm Hg —
lower than to prevent other complica-
tions of high blood pressure.

A low-protein diet may also slow
diabetic nephropathy, but this has

not been conclusively proved.

Diabetic nephropathy:
strategies for
preventing renal failure

B ABSTRACT: Better understanding of diabetic nephropathy’s
pathophysiology has led to fundamental changes in its
management: detecting nephropathy early and intervening
with rigorous glycemic control and aggressive management

of hypertension may slow its progression. Dietary protein
restriction may also have a role.

iabetic nephropathy is a common and potentially debilitating
complication of diabetes mellitus, and all physicians who care
for diabetic patients should take measures to detect, prevent, or
treat it.

I THE MAGNITUDE OF THE PROBLEM

Diabetic nephropathy is common and, often occurring in people who
would otherwise be in the prime of life, imposes a substantial burden in
diminished quality of life, cost of care, lost wages, and mortality.

Approximately 35% of patients with type I or insulin-dependent
diabetes mellitus (IDDM) eventually develop nephropathy.! Although
a much lower percentage of persons with type II or non-insulin-depen-
dent diabetes mellitus (NIDDM) develop end-stage renal disease than
with type I diabetes, type II is much more common and is a leading
cause of renal failure.

Together, both types of diabetes are the cause of renal failure in half
of all dialysis patients.23 A greater percentage of African-Americans,
Asians, American Indians, and Mexicans with diabetes suffer end-
stage renal disease than do whites.

Diabetic nephropathy is a leading cause of death in type I diabetes,
accounting for approximately 60% of deaths in some series.1,>,
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CLINICAL PROGRESSION, DIAGNOSIS, AND MANAGEMENT OF DIABETIC NEPHROPATHY

Stage  Clinical features Blood pressure Glomerular Protein excretion Frequency of testing
filtration FAER
HgbA,* 24-hour albumin 24-hour
excretion creatinine
clearance
1 Hyperfiltration Normal Normal or None Every 3-6 months At baseline (type II)
increased (< 30 mg/24 h) Or after 5 years (type )
Then every 6-12 months
2 Hyperfiltration with Normal Normal or None Every 3-6 months Every 6-12 months
histologic changes increased
3 Incipient Normal or high Normal, Microalbuminuria Every 3-6 months ~ Every 6-12 months Every 6-12
nephropathy increased, (30-300 mg/24 h) months

or decreased

4 Overt clinical Usually high Normal or Macroalbuminuria Every 3-6 months Every 6-12 months Every 6-12

nephropathy decreased (> 300 mg/24 h) months
5 End-stage High Decreased Macroalbuminuria Every 3-6 months Determined by clinical Every 3-1
renal disease circumstances (eg, months?

nephrotic syndrome)

* Glycated hemoglobin; to assess glycemic control T Angiotensin-converting enzyme ¥ Not necessary on dialysis

R

RS TG
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HOW KIDNEY FUNCTION IS LOST

Although the progression of diabetic
nephropathy to end-stage renal disease varies
among patients and its evolution is a continu-
um,’ diabetic nephropathy has five definable
stages (TABLE and FIGURE).

Stage 1: Hyperfiltration
Early in the course of type I diabetes, the
glomerular filtration rate may increase to well
above normal.8

This stage has been studied less in type II
diabetes, but in studies reviewed by Alzaid,®
the prevalence of microalbuminuria (which
occurs in later stages, see below) ranged from
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20% to 40%. The duration of stage 1 varies,
lasting up to 15 years.

What causes hyperfiltration is not com-
pletely understood; however, glomerular filtra-
tion increases with even mild hyperglycemia, 10
and improved glycemic control leads to a
marked reduction in hyperfiltration.10.11
Usually absent in this stage are albuminuria
and, presumably, any histologic changes of dia-
betes mellitus in the kidneys.

Stage 2: Hyperfiltration with histologic changes
Stage 2 is clinically indistinguishable from
stage 1, but biopsy reveals histologic changes
of diabetes mellitus in the kidney.
Intermittent microalbuminuria may occur

Downloaded from www.ccjm.org on June 1, 2025. For personal use only. All other uses require permission.



http://www.ccjm.org/

during episodes of hyperglycemia (perhaps
because of increased glomerular filtration) or
exercise. It is not yet clear whether intermit-
tent microalbuminuria under these conditions
always leads to diabetic nephropathy.

Treatment options

Serum
creatinine
and potassium

Rigorous glycemic control

Every 3-6 Rigorous glycemic control
months Aggressive antihypertensive treatment
(ACE inhibitors preferred)
ACE inhibitors in normotensive patients
(not proved)
Protein restriction (not proved)
Every 3-12 Rigorous glycemic control
months Aggressive antihypertensive treatment
(ACE inhibitors preferred)
ACE inhibitors in normotensive patients
Protein restriction (not proved)
Every 3-12 Aggressive antihypertensive treatment
months Protein restriction

Potassium restriction
Calcium and vitamin D supplements
Dialysis or transplantation

Stage 3: Incipient nephropathy

Stage 3 is marked by persistent microalbumin-
uria — urinary albumin excretion of 30 to 300
mg/24 hours (20 to 200 pg/minute).% 12,13 This
rate is higher than normal but not detectable
by usual “dipstick” urine tests, which can
detect protein only at concentrations greater

than 300 mg/24 hours.

Effects of microalbuminuria. Microalbum-
inuria has several important, well-documented
consequences. It can progress to clinical
nephropathy!3 and is a risk factor for cardio-
vascular disease and cardiovascular mortali-
tyl415 (perhaps because of the increased fre-
quency of hypertension in patients with
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microalbuminuria or because of increased
genetic susceptibility to hypertension or other
cardiovascular risk factors). It is also a risk fac-
tor for proliferative retinopathy and cardiomy-
opathy.!7

Why microalbuminuria develops in some
patients with type I diabetes and not in others
is a subject of investigation. Genetic suscepti-
bility may be one explanation. There is con-
cordance of proteinuria and risk for end-stage
renal disease when there are two or more sib-
lings with type I diabetes in the same family.10

Parents of persons with diabetes and pro-
teinuria have higher arterial blood pressures
than do parents of persons with diabetes but
no proteinuria,!” and groups with a high
prevalence of hypertension also have a high
prevalence of diabetic nephropathy. These
observations support the concept that a genet-
ic susceptibility to nephropathy and hyperten-
sion may be linked.

Stage 4: Clinically overt nephropathy

Proteinuria increases as diabetic nephropathy
progresses; after 5 to 10 years of persistent
microalbuminuria, the urine becomes persis-
tently positive for albumin with a dipstick test.
This stage inexorably progresses to end-stage
renal disease. Hypertension is common, and
the higher the blood pressure, the faster the
loss of renal function. In contrast, age and sex
seem to have no effect on the rate of loss of
renal function.

During this stage, clinicians must rule out
nondiabetic causes of worsening renal func-
tion. Signs that worsening of renal function is
not caused by diabetic nephropathy include
rapid decline in glomerular filtration rate in a
patient who previously had a glomerular filtra-
tion rate close to normal, proteinuria in a
patient who has had diabetes less than 5 to 10
years, sudden onset of the nephrotic syndrome
(ie, massive proteinuria), hematuria, and
absence of retinopathy. A diagnostic renal
biopsy may be necessary under these circum-
stances.

Intrarenal hypertension is thought to
cause renal damage in many diseases,!8 includ-
ing diabetic nephropathy. Extracellular vol-
ume expansion leads to dilation of the arteri-
oles in the kidney, allowing systemic pressures
to reach the glomerular capillaries and causing
adaptive hyperfiltration, hypertrophy,!9 capil-
lary damage, and progressive loss of glomeruli.
As more glomeruli are lost, further hyperfiltra-
tion becomes necessary, and the damage
intensifies.
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Stage 5: End-stage renal disease

In stage 5, renal function progressively
declines, ultimately leading to end-stage renal
disease and the need for dialysis or transplan-
tation. Patients with end-stage renal disease of

any cause may have hyperkalemia, uremic
symptoms, and abnormalities of calcium, phos-

phorus, vitamin D, and parathyroid hormone.

In general, management of this stage is
similar to that for nondiabetic end-stage renal
disease, and the indications for dialysis and
transplantation are the same. Because special-
ists rather than primary-care physicians usual-
ly undertake the care of such patients, we will
not discuss it in detail here.

™ DETECTING DIABETIC NEPHROPATHY

In type | diabetes
The American Diabetes Association2021 rec-
ommends annual testing for microalbuminuria
starting 5 years after type | diabetes has been
diagnosed, and the National Kidney
Foundation and the European IDDM Policy
Group have similar guidelines.?2,23

Screening should begin with a dipstick test
for macroalbuminuria. Patients without
macroalbuminuria should then have a test for
microalbuminuria with a timed (12- or 24-
hour) or “spot” (corrected with creatinine)
urine collection. Normal urinary protein in
spot collections is <30 mg of protein/g creati-
nine; microalbumninuria is between 30 and
300 mg of protein/g creatinine, and macroal-
buminuria is >300 mg of protein.

How often to test has not been established
by clinical studies, but testing once or twice a
year in hypertensive diabetic patients can be
justified on the basis of the natural history of
the disease. The optimal frequency in nor-
motensive patients and the advantages of
timed vs spot urine collections remain to be
determined.?4 Current guidelines 2122 recom-
mend annual testing of normotensive patients.

Because albumin excreétion is a risk factor
for cardiovascular events and death, physicians
should also increase their vigilance in detect-
ing and treating other cardiovascular risk fac-
tors in patients with nephropathy.
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In type Il diabetes

Patients with type II diabetes should have a
test for microalbuminuria at the time of diag-
nosis, because many patients present several
years after the onset of disease. Although pro-
teinuria in type II diabetes is not always due to
diabetes,® management strategies assume such
a relationship. Follow-up testing is similar to
that in type I diabetes mellitus.

In overt diabetic nephropathy

In patients with clinically evident diabetic
nephropathy (dipstick-positive albuminuria or
increased serum creatinine concentration), a
24-hour urine sample should be collected for a
quantitative protein determination and creati-
nine clearance. This will help confirm the
diagnosis of diabetic nephropathy and provide
a baseline by which to monitor therapy.

Creatinine concentrations should then be
measured at least annually; an increase may
justify a repeat 24-hour measurement of pro-
tein excretion and creatinine clearance and a
workup for other causes of renal failure, espe-
cially if the increase is large or rapid.

For example, if a serum creatinine that has
been in the normal range doubles in a year,
this indicates a 50% loss of renal function.
Such a rapid rate of decline is unusual in dia-
betic nephropathy and necessitates an evalua-
tion for other causes of declining renal
function.

i STRATEGIES FOR PREVENTING RENAL FAILURE

Three strategies to prevent diabetic nephropa-
thy from progressing to renal failure should be
considered: rigorous glycemic control, aggres-
sive treatment of hypertension, and low-pro-
tein diets. Although how these interventions
prevent renal failure remains to be deter-
mined, all seem to reduce protein excretion —
and some evidence suggests that proteinuria
itself may be toxic to the kidney.25:26

Control blood sugar levels rigorously

Histologic studies in animals and short-term
studies of proteinuria in humans have suggest-
ed that glycemic control reduces the risk of
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NATURAL HISTORY OF DIABETIC NEPHROPATHY

STAGE 1:
Hyperfiltration

HISTOLOGY

Normal glomerulus, basement i
and mesangial volume.

y

N Onset of diabetes TIME

Normal progression of blood pressure, glomerular filtration rate, and proteinuria through the stages of diabetic nephropathy.
Dotted lines indicate the effect of different therapeutic interventions on these variables.
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diabetic nephropathy.2? The human studies
showed reduction in hyperfiltration and
microalbuminuria, but did not demonstrate a
clear effect on the rate of progression of overt
diabetic nephropathy.

The Diabetes Control and Complications
Trial,28-31 the best prospective study to date to
address this question, randomly assigned
patients with type I diabetes to undergo inten-
sive blood glucose control (with a target gly-
cated hemoglobin [HgbA ] level of 6.05%)
or standard treatment. Intensive glycemic con-
trol reduced the incidence of microalbumin-
uria by about 50%. In patients who had
microalbuminuria at the beginning of the
study, strict control led to a lower incidence of
macroalbuminuria. We assume that these find-
ings also apply to patients with type II diabetes
mellitus.

The trial did not last long enough to
demonstrate a delay in progression of renal
failure as measured by glomerular filtration
rate. It is not clear whether there may be a
point beyond which even rigorous glycemic
control will not slow progression of renal fail-
ure, and no large studies have been carried out
in humans to address this question.

Recommendations. It is best to keep the
average blood glucose concentration less than
150 mg/dL (HgbA - < 7.0%) and close to 120
mg/dL (HgbA,- 6.0%). Rigorous glycemic
control is clearly advantageous in the early
stages of diabetes. We believe it is also benefi-
cial in later stages, but this has not been
proved.

Treat high blood pressure aggressively
In several studies, antihypertensive treatment
in patients with established diabetic nephropa-
thy decreased albumin excretion and slowed
deterioration of renal function.26:32-36 In fact,
blood pressure control may be more effective
in slowing progression (and easier to achieve)
than rigorous glycemic control, especially in
more advanced stages of renal dysfunction (ie,
with albuminuria, decreased glomerular filtra-
tion, and increased creatinine concentration).
Recommendations. The data are less clear
in earlier stages, because whether a decrease in

CLEVELAND CLINIC JOURNAL OF MEDICINE ~ VOLUME 63  NUMBER 6 OCTOBER 1996

microalbuminuria delays or prevents progres-
sion to end-stage renal disease still needs to be
answered conclusively. However, we believe
that antihypertensive treatment is beneficial
at all stages of diabetic nephropathy and
should start soon after high blood pressure is
detected, especially in persons with a family
history of hypertension.

How far to lower the blood pressure to
slow progression of diabetic nephropathy is not
known, but data suggest it should be less than
135/85 mm Hg — lower than to prevent other
complications of high blood pressure.33
Whether blood pressure levels below 135/85
mm Hg will confer additional benefit is cur-
rently under investigation.

Which drug to use? In protecting renal
function, the blood pressure achieved is more
important than the agent used, and many anti-
hypertensive agents have demonstrated bene-
fit. However, some agents may be better than
others.

Angiotensin-converting enzyme (ACE)
inhibitors decrease intraglomerular pressure
and proteinuria, making them attractive
choices in diabetic patients.3%36 Sodium
restriction enhances their antihypertensive
and antiproteinuric effects. However, they can
increase serum potassium levels, and as
nephropathy progresses, hyperkalemia may
limit their use. The largest randomized studies
have used the ACE inhibitors captopril and
enalapril, but other ACE inhibitors are likely
beneficial as well.

The angiotensin Il receptor antagonists
are also currently being studied for their poten-
tial effect on diabetic nephropathy.

Less data are available on calcium channel
blockers, although some of them have shown
benefit.37 Whether all calcium channel block-
ers confer the same effect on protecting renal
function is not yet resolved. Diltiazem may
have some advantages over other agents. Only
future studies will resolve this issue.

ACE inhibitors for patients with normal
blood pressure? Several small studies suggested
that ACE inhibitors reduce albumin excretion
and slow the decline in renal function in
patients with diabetes and albuminuria but
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normal blood pressure.3839 Since albuminuria
predicts the risk for nephropathy, and the
course of renal function loss is usually pre-
dictable, one might assume that such therapy
may slow the progression to end-stage renal
disease. Further studies in this area will likely
prove this true. However, use of ACE
inhibitors in normotensive diabetic patients
should not yet be considered standard therapy.
A common practice is to start treatment with
a low dose of an ACE inhibitor, pending the
results of ongoing trials.

Limit protein intake — probably
Although low-protein diets reduced hyperfil-
tration and microalbuminuria and slowed
progression of overt nephropathy in animal
studies, 4041 there is much less evidence of such
benefit in humans.42-44

Patients with diabetes were generally
excluded from the best study to date of low-
protein diets in renal disease, the Modification
of Diet in Renal Disease (MDRD) study,
although a few patients with type II diabetes
were enrolled. Preliminary results from this
study did not show protein restriction benefi-
cial in slowing the decline of renal function,
perhaps because of limited benefit in patients
with polycystic kidney disease.2945

Henry,%6 reviewing the available studies,
concluded that it has not been determined at
what stage of diabetic nephropathy to institute
dietary protein restriction, nor is it clear what
is the optimal level of protein restriction.

Even if protein restriction proves benefi-
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