
Chronic kidney disease (CKD) is a health
problem reaching epidemic proportions and
encompasses a substantial segment of the adult
ambulatory population.  Although specific
prevalence rates are difficult to calculate, an
estimated 20 million people have CKD.1 More
specific data are available for the subset of
patients with end-stage renal disease (ESRD), or
renal failure, where the incidence reached almost
100,000 patients in 2000.2 This number has
doubled during the past 10 years and is expected
to increase with the aging population.  By 2010,
the incidence of ESRD is projected to increase to
more than 172,000 cases annually.2 Similarly, the
prevalence of ESRD was 372,000 cases in 2000
but is estimated to exceed 661,000 by 2010.2

The cost of treating patients with ESRD
consumes almost 6% of the total Medicare
budget, accounting for approximately $19 billion

annually.  Although these are staggering numbers,
they account for only the 2% of patients in the
final stage of CKD.  Millions of patients with less
severe CKD represent a much broader portion of
the adult ambulatory population.  Therefore, the
recognition and treatment of early CKD should
be emphasized as a component of primary care.

The presence of CKD doubles the risk of
mortality in affected individuals.2 Meanwhile,
progression to ESRD incurs a very poor
prognosis, with patients having a 4 times greater
rate of hospitalizations and a life expectancy that
is one quarter to one fifth less than that of the
general population.  By far, the most common
cause of death (48%) among patients with ESRD
is cardiovascular disease.3 Thus, an opportunity
for improving care of patients with CKD exists
through treatment of cardiovascular risk factors
during earlier stages of the disease in primary
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care.  Current treatment recommendations stress
the importance of therapies that improve the
morbidity and mortality of these patients, as well
as therapies that prevent or delay the progression
of kidney disease.4 Most of these therapeutic
interventions target the adult, ambulatory patient
population in primary care.  Pharmacists in a
wide variety of primary care practice settings are
well suited to implement and monitor therapeutic
interventions to improve the care of patients with
CKD.

Detection and Staging of CKD

Chronic kidney disease is defined according to
the presence of kidney damage and/or a
reduction in the glomerular filtration rate (GFR)
for a period of 3 months or more.  Kidney

damage refers to structural or functional
abnormalities of the kidney, initially without
decreased GFR.5 Early detection of kidney
damage is of paramount importance.  Spot urine
measurements by dipstick can detect the early
presence of kidney damage and is recommended
by the National Kidney Foundation (NKF) for all
asymptomatic adult patients.  The Kidney
Disease Outcomes Quality Initiative (K/DOQI)
guidelines recommend the following procedures
for identifying the presence of CKD:  estimation
of GFR by appropriate prediction equations,
assessment of proteinuria in a spot urine sample,
examination of the urinary sediment, and
determination of the presence of red blood cells
or white blood cells by dipstick.5, 6 A positive test
for protein, albumin, red blood cells, or white
blood cells may indicate kidney disease, with
further evaluation recommended.

The NKF recently instituted the Kidney Early
Evaluation Program (KEEP).7 This program is a
community-based screening program delivered
through local NKF affiliates.  Participants at risk
for kidney disease undergo measurements of
blood pressure, blood glucose, creatinine,
hemoglobin, microalbuminuria, hematuria,
pyuria, and GFR.  Abnormal results are not
considered diagnostic, but patients are referred to
their physicians for follow-up.  The program has
screened more than 22,000 patients.  Results
from 11,246 patients who were screened revealed
that more than 50% had evidence of CKD,
whereas only 2–3% actually reported having
CKD.7 This and other results from KEEP
emphasize the importance of strategies to detect
this disease.  Pharmacists can play an important
role in the detection of this disease by promoting
KEEP and/or ensuring that patients at risk for
CKD receive similar screening measures.

Once CKD has been detected, it is classified
based on GFR (Table 1).  In the earlier stages,
GFR is normal (stage 1) or mildly decreased
(stage 2); however, there is evidence of kidney
damage.  Preventive treatment strategies including
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Table 1.  Stages of Chronic Kidney Disease

GFR Range
Stage Description (ml/min/1.73 m2)

1 Kidney damage with normal or increased GFR ≥ 90
2 Kidney damage with mild decrease in GFR 60–89
3 Moderate decrease in GFR 30–59
4 Severe decrease in GFR 15–29
5 Kidney failure < 15 or dialysis

GFR = glomerular filtration rate.
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blood pressure control, glycemic control, and
smoking cessation may be effective in delaying
progression during this time.5 Symptoms are
more clearly associated with stage 3 CKD, when
there is a more appreciable decline in GFR and
secondary complications such as anemia and
secondary hyperparathyroidism may be present.
As patients progress into stage 4, signs and
symptoms including uremia, electrolyte abnor-
malities, and acid-base imbalances predominate.
Stage 5 represents renal failure, or ESRD, for
which dialysis, transplantation, or other renal
replacement therapy is required for survival.

Etiology of CKD:  The Link to Primary Care

There are many potential causes of CKD
leading to gradual functional decline and the
development of ESRD.  Table 2 lists two categories
of risk factors that may be responsible for CKD.
Diabetes mellitus and vascular disease (including
hypertension) account for almost 70% of cases.2

Nondiabetic glomerular disease and tubulo-
interstitial disease are other causes of kidney
disease, with drug-induced causes accounting for
some of these cases.  Research has also indicated
that dyslipidemias may contribute to the
development of kidney disease.8 Similarly,
tobacco use, owing to its propensity for promoting
atherosclerosis, recently has been identified as a
risk factor for glomerulosclerosis.  Since
disorders largely managed by primary care
providers are responsible for many causes of
CKD, there is a need for recognition of
relationships between these disorders and CKD.
Also, patients with CKD must be treated
aggressively to achieve goals set forth by
consensus guidelines.

Diabetes accounts for the largest percentage of
patients (43%) with ESRD.2 During early stages
of nephropathy, there may be signs consistent
with functional changes, such as increased
kidney size, glomerular hyperfiltration, and
albuminuria.  Without intervention, approximately

80% of patients with type 1 diabetes and 20–40%
of those with type 2 diabetes develop overt
nephropathy in 10–15 years.5 The mechanisms
by which hyperglycemia may lead to CKD are
complex.  It is hypothesized that hyperglycemia
increases capillary endothelial dysfunction,
glomerular basement membrane thickening, and
mesangial matrix production.9 Research has
shown that during periods of hyperglycemia,
glucose forms chemical bonds with proteins.
Some bonds form irreversible cross-links, known
as advanced glycosylation end products, that
accumulate in tissues, including the kidney.
These end products impart abnormal structural
protein function and vascular permeability,
resulting in end-organ damage.10 Evidence from
the  Diabetes Control and Complications Trial
(DCCT) and the United Kingdom Prospective
Diabetes Study (UKPDS) demonstrates that
intensive glycemic control can significantly
reduce the risk of developing microalbuminuria
and overt nephropathy.11, 12

Hypertension is both a cause and a consequence
of kidney damage.  Hemodynamic abnormalities
largely contribute to the development of CKD.
Changes in blood pressure directly affect renal
perfusion pressure.  One of several theories of
hypertensive glomerulosclerosis involves
abnormal autoregulatory response to increased
perfusion pressure.13 The normal reflex afferent
arteriolar (preglomerular) vasoconstriction, used
to prevent full systemic pressure from being
transmitted to the glomerulus, is impaired.  This
produces glomerular capillary hypertension and
subsequent kidney damage.  As damage to
individual nephrons occurs, the remaining
nephrons increase the workload by increasing
individual glomerular capillary pressure in an
attempt to maintain GFR.  Over time, this
hyperfiltration results in a progressive loss of
individual nephron function and an overall
decline in GFR.

Many pharmacologic agents can also cause
kidney damage.  Common agents such as
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Table 2.  Risk Factors for Development of Chronic Kidney Disease

Risk Factor Definition Examples
Susceptibility factors Increased susceptibility to Older age, family history of chronic kidney

kidney damage disease, U.S. racial or ethnic minority status,
low income or education

Initiation factors Directly initiate kidney damage Diabetes, high blood pressure, autoimmune
diseases, systemic infections, drug toxicity

Adapted from reference 5.
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analgesics, nonsteroidal antiinflammatory agents,
contrast media, and antiinfectives are a few such
examples.  Although the mechanism of toxicity is
distinct to each agent, renal ischemia, inflam-
mation, and cellular disruption of nephrons are
possible explanations.14 Comprehensive drug
histories, diligent prescribing of appropriate
dosages, avoidance of nephrotoxins in patients
with underlying renal problems, and monitoring
of nephrotoxic drug therapies can help reduce
drug-induced CKD in primary care.

Treatment of CKD in Primary Care

Glycemic Control

Nephropathy, in addition to retinopathy and
neuropathy, is considered a microvascular
complication of diabetes.  Although the
prevalence is lower than that of macrovascular
complications (atherosclerotic vascular disease),
microvascular complications in type 2 diabetes
are considered a significant cause of overall
morbidity and mortality.  Evidence from
prospective clinical trials shows reduced
nephropathy with strict glycemic control.11, 12, 15

The DCCT was the first prospective, long-term
study designed to examine whether intensive
glycemic control reduces long-term microvascular
complications in patients with type 1 diabetes.11

In this study, 1441 patients, half with no baseline
retinopathy and half with mild retinopathy, were
randomly assigned to intensive therapy (using an
external insulin pump) or conventional therapy
(with three or more daily doses of insulin).
Retinopathy was the primary microvascular
complication evaluated, and nephropathy was a
secondary outcome measure.  After 6.5 years,
mean hemoglobin A1c (A1C) values throughout
the study were significantly lower with intensive
therapy than with conventional therapy (7.2%
and 9.0%, respectively, p<0.001).  Risks of
microalbuminuria and albuminuria were reduced
39% (p≤0.002) and 54% (p<0.04), respectively,
with intensive therapy compared with conven-
tional therapy.  Hypoglycemia was 3-fold higher
in the intensive therapy group, and practitioners
may avoid this aggressive approach in certain
patients with type 1 diabetes who are at high risk
for serious hypoglycemia.

The UKPDS was a series of studies in patients
with type 2 diabetes.  The UKPDS 33 compared
the effects of glycemic control on the risks of
macrovascular and microvascular complications.12

Microvascular complications (nephropathy and
retinopathy) were primary study end points.  A

total of 3867 patients with newly diagnosed type
2 diabetes were randomly assigned to intensive
control (fasting blood glucose levels < 110 mg/dl)
or conventional control (fasting blood glucose
levels < 270 mg/dl).  A complex factorial design
was employed to use diet, sulfonlyureas,
metformin, and insulin as treatment options.
During 10 years of follow-up, A1C values
increased throughout the study in both groups
and averaged 7.0% and 7.9% for intensive and
conventional control, respectively (p<0.0001).
Intensive control achieved a 25% relative risk
reduction of microvascular complications
(p<0.01).  Other surrogate end points of
nephropathy (microalbuminuria, albuminuria,
and doubling of serum creatinine level) were all
statistically significantly lower with intensive
therapy after 9 years of treatment.

The UKPDS 34 compared intensive control
with metformin-based therapy with conventional
control therapy in 753 overweight patients with
type 2 diabetes.16 The A1C values were lower
with metformin than with conventional therapy
(7.4% vs 8.0%), all-cause mortality was reduced
36% (p=0.011), and hypoglycemic episodes were
less frequent.  Nephropathy (development of
urine albumin > 50 mg/L) was not statistically
significantly lower with intensive therapy,
although this was considered a surrogate end
point of study.  These results are not as robust as
those of UKPDS 33 for nephropathy but provide
further information that shows reduced overall
mortality with metformin therapy in patients
with type 2 diabetes.

Collectively, the UKPDS data demonstrate
reduced nephropathy with intensive glycemic
control and reveal a continuous relationship
between microvascular complications and
glycemic control such that every point decrease
in A1C (e.g., 9–8%) corresponds to a 35%
reduction in risk.17

A study performed in Kumamoto, Japan,
demonstrated that strict glycemic control with
insulin prevents progression of nephropathy in
Japanese patients with type 2 diabetes.18 This
study included 110 patients, 55 without baseline
microvascular disease, who were randomly
assigned to intensive control (with three or more
daily doses of rapid-acting insulin and one daily
dose of intermediate-acting bedtime insulin, with
dosage titrated to a fasting and 2-hour postprandial
glucose level of < 140 mg/dl and A1C values <
7%) or conventional control (one or two daily
doses of intermediate-acting insulin, with dosage
titrated to a fasting glucose level of < 140 mg/dl).
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Development of nephropathy (urinary albumin
excretion > 30 mg/day) occurred in 7.7% and
28.0% (p=0.032) of the intensive and conventional
treatment groups, respectively, in those with no
baseline microvascular disease after 6 years.
Progression of nephropathy occurred in 11.5%
and 32.0% (p=0.044) of the intensive and
conventional treatment groups, respectively, for
those patients with baseline microvascular
disease.  Similar results were seen after 8 years in
a follow-up analysis.15 In contrast to DCCT and
UKPDS, the magnitude of difference in A1C
between the intensive and conventional
treatment groups was large, 7.1% versus 9.4%
(p<0.05), respectively.

Cardiovascular disease is the primary cause of
mortality in patients with type 2 diabetes
magnified with concomitant CKD.19 Treatment
and prevention of macrovascular complications
must be included in the overall management of
type 2 diabetes and may augment the nephro-
pathy benefit seen with tight glycemic control.  A
multifactorial approach to managing hyper-
glycemia, hypertension, and dyslipidemia in
patients with type 2 diabetes was evaluated in a
study performed at the Steno Diabetes Centre
(Copenhagen, Denmark).20 Eighty patients were
randomly assigned to standard care and 80 to
intensive multifactorial intervention, with a
primary end point being development of
nephropathy.  After 3.8 years, A1C values
decreased 0.8% in the intensive intervention
group compared with an increase of 0.2% in the
standard care group (p<0.0001).  Systolic blood
pressure and low-density lipoprotein cholesterol
(LDL) levels were also lower in the intensive
intervention group (both p<0.05) compared with
the standard care group.  Eight patients in the
intensive intervention group developed
nephropathy compared with 19 in the standard
care group (odds ratio 0.27, 95% confidence
interval [CI] 0.10–0.75).  When study patients

were followed for a mean of 7.8 years,
nephropathy was still lower in the intensive
intervention group (hazard ratio [HR] 0.39, 95%
CI 0.17–0.87), and cardiovascular disease risk
was also reduced (HR 0.47, 95% CI 0.24–0.73).21

Optimizing glycemic control should be an
evidence-based strategy to reduce the risk and/or
slow the progression of nephropathy in patients
with type 1 or type 2 diabetes.22 The American
Diabetes Association and the American College
of Endocrinology are two organizations that
advocate glycemic control as a primary target of
therapy intended to prevent chronic compli-
cations (e.g., retinopathy, nephropathy, neuro-
pathy).  They recommended targeting several
glycemic indexes to attain tight glycemic control
(Table 3).19, 23 The recommendations are
slightly different, with the American College of
Endocrinology recommendations being more
aggressive.  The compelling evidence described
previously shows reduced nephropathy with A1C
values ranging from 7.0–7.4%.  Therefore, both
definitions of tight glycemic control are
reasonable.

Achieving tight glycemic control should be
included as an essential component of the
comprehensive care of patients with diabetes and
CKD.  Evidence supports that tight glycemic
control minimized development or progression of
nephropathy in patients with diabetes.  Patients
with type 2 diabetes will often require multiple
oral drugs (with or without insulin) to attain
optimal control.  Although no oral agent appears
superior to another in their ability to reduce
nephropathy, metformin should be used in
overweight patients with type 2 diabetes because
it has been shown to reduce macrovascular
complications in this population.16 Owing to an
increased risk of life-threatening lactic acidosis,
however, metformin has several contraindications
that may preclude its use in patients with CKD.
These contraindications include any patients
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Table 3.  Recommendations for Glycemic Control in Diabetes Mellitus19, 23

Goal Values
Normal American Diabetes American College of

Glycemic Measure Values Association Endocrinology
Hemoglobin A1c (%) < 6 < 7 < 6.5
Blood glucose (mg/dl)

Preprandial < 100 90–130a ≤ 110
Postprandial < 140 < 180 ≤ 140
Bedtime < 110 100–140 NR

NR = no recommendation.
aPlasma glucose values.
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with elevated serum creatinine levels (≥ 1.4
mg/dl in women and ≥ 1.5 mg/dl in men) or an
estimated GFR less than 60 ml/minute.  Patients
with type 1 diabetes will require multiple daily
doses of insulin to attain strict glycemic control.
Although this has been shown to reduce
nephropathy, patients and providers should be
cognizant of the increased risk of hypoglycemia,
which may be a limiting factor for certain high-
risk patients treated with insulin and must be
considered on an individual basis.

Blood Pressure Control

High blood pressure is a well-recognized risk
factor for the development of CKD.  An
estimated 90% of patients with renal failure have
hypertension.  However, it is rarely known which
condition, elevated blood pressure or CKD, was
the initiating event.24 The frequency of
hypertensive nephropathy, defined as a decreased
GFR in which hypertension is the only causative
factor, is difficult to isolate as many patients often
experience multiple insults (i.e., dyslipidemia,
hyperglycemia, cigarette smoking), which all
contribute to the development of CKD.

The relationship between secondary hyper-
tension and the development of renal failure has
been well recognized for almost a century.24

Several observational studies in the last 2 decades,
both retrospective and prospective, describe the
association between elevated blood pressure and
decline in GFR.25–35 One of these trials, the
Multiple Risk Factor Intervention Trial (MRFIT),
confirmed this relationship.32 A total of 12,866
men aged 35–57 years were enrolled into the
study, and 332,544 men participated as part of an
observational cohort.  During an average of 16
years of follow-up, 814 cases of all-cause ESRD
developed in this cohort.  Individuals in this
cohort were then divided into groups based on
their baseline blood pressure categories.  The
blood pressure categories were based on National
Clinical Practice Guidelines and defined as
follows: optimal, less than 120/80 mm Hg; stage
1, systolic blood pressure 140–159 mm Hg or
diastolic blood pressure 90–99 mm Hg; stage 2,
systolic blood pressure 160–179 mm Hg or
diastolic blood pressure 100–109 mm Hg; stage
3, systolic blood pressure 180–209 mm Hg or
diastolic blood pressure 110–119 mm Hg; stage
4, systolic blood pressure 210 mm Hg or greater
or diastolic blood pressure 120 mm Hg or greater.
A very apparent relationship between blood
pressure stage and probability of developing

ESRD was demonstrated.  The relative risks of
developing ESRD compared with those indi-
viduals with optimal blood pressure (< 120/80
mm Hg) at screening were as follows:  stage 1,
3.1; stage 2, 6.0; stage 3, 11.2; stage 4, 22.1.  An
increased risk of developing ESRD occurred after
2 years for those with stage 4 hypertension
(p<0.01), but took 7–9 years for those with stage
1–3 hypertension (p<0.01).  It was estimated that
for every 16-mm Hg increase in systolic blood
pressure, there was a 1.8 relative risk of
developing ESRD compared with those with
optimal blood pressure.

Similarly, the Hypertension Detection and
Follow-up Program (HDFP), an observational
study with more than 10,000 patients, noted that
a 5-year risk of elevated serum creatinine level (>
2.0 mg/dl) was strongly related to baseline
diastolic blood pressure (p<0.05).33 The
incidence per 1000 patients was 13.2, 34.4, and
63.7 for patients with baseline diastolic blood
pressures of 90–104, 105–115, or greater than
115 mm Hg, respectively. 

The MRFIT and HDFP studies demonstrated a
relationship between hypertension and CKD;
however, neither study measured kidney
outcomes as a primary end point.  In two other
trials, the primary outcome measured the effect
of blood pressure lowering on the progression of
renal disease.  In the Modification of Diet in
Renal Disease study, 840 patients with different
levels of CKD were randomly assigned to usual
blood pressure control (mean arterial pressure
[MAP] < 107 mm Hg in those aged ≤ 60 yrs and
< 113 mm Hg in those aged > 60 yrs) or aggressive
blood pressure control (MAP < 92 mm Hg in
those aged ≤ 60 yrs and < 98 mm Hg in those
aged > 60 yrs).34 Any antihypertensive agent
could be used, but angiotensin-converting
enzyme (ACE) inhibitors, diuretics, and calcium
channel blockers were preferred.  Declines in
GFR were lower for patients assigned to the
aggressive blood pressure control group, and this
relationship was strongest in patients with greater
degrees of proteinuria.  A slower progression of
proteinuria was also seen in the aggressive blood
pressure control group.  The rate of kidney
function decline in patients with proteinuria (> 1
g/day) was slowest when an MAP of 92 mm Hg
(blood pressure 125/75 mm Hg) was achieved.
In patients with proteinuria of 0.25–1.0 g/day, the
rate of decline in kidney function was slowest
with an MAP of 98 mm Hg (blood pressure
130/80 mm Hg).  The authors concluded that
proteinuria is an independent risk factor for
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progression of kidney disease and that those
patients with greater than 1 g/day of proteinuria
should have a target blood pressure of 125/75
mm Hg and those patients with 0.25–1.0 g/day of
proteinuria should have a target blood pressure
of 130/80 mm Hg.

More recently, the African American Study of
Kidney Disease and Hypertension (AASK) trial
addressed the question of whether more
aggressive blood pressure goals are indicated in
African-American patients with hypertensive
kidney disease.36 For inclusion, patients had a
GFR of 20–65 ml/minute and could not have
diabetes.  Participants were randomly assigned in
a 3 x 2 factorial design to either an aggressive
blood pressure arm (MAP < 92 mm Hg, blood
pressure < 130/80 mm Hg) or less aggressive
blood pressure arm (MAP 102–107 mm Hg,
blood pressure = 140/90 mm Hg).  Then, patients
were randomly assigned to receive metoprolol,
ramipril, or amlodipine, and dosages were
titrated to target blood pressure.  If target blood
pressure could not be achieved, additional agents
could be added; however, these agents could not
be in any of the classes represented by study
drugs.  The primary end point was the slope of
the GFR change.  A secondary outcome of
combined clinical events (50% decrease in GFR,
ESRD, or death) was prespecified.  One thousand
ninety-four participants were randomized in this
study.  The aggressive care group achieved an
MAP of 95 mm Hg, and the usual care group
achieved an MAP of 104 mm Hg.  No difference
was noted in the slope of GFR decrease between
the aggressive care group and the usual care
group (p=0.24).  Also, no significant difference
was noted in combined end points between these
groups (p=0.85).  No significant difference in the
slope of GFR decline was found among patients
with higher levels of proteinuria.  The authors
concluded that blood pressure reduction beyond
those levels currently recommended in guidelines
is unlikely to provide additional renal protection.
Results from the AASK trial formed the basis for
the recommendations from the seventh report of
the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High
Blood Pressure and from the NKF that patients
with CKD should be treated to a blood pressure
goal of less than 130/80 mm Hg and not a lower
blood pressure as previously advocated.37, 38

Blood Pressure and Diabetic Nephropathy

Patients with diabetes constitute the largest
group of patients to develop nephropathy.  These

patients have hyperglycemia as a risk factor for
nephropathy; however, the effect of hypertension
and its combined effect with hyperglycemia on
progressive kidney disease are important.

In an observational trial, the authors determined
various predictors for progression of diabetic
nephropathy among 301 patients with type 1
diabetes.39 Those patients with hypertension
received a variety of antihypertensive agents to
maintain blood pressure below 140/90 mm Hg.
Patients were followed for a median of 7 years,
and GFR was measured a median of 8 times.  The
average rate of GFR decline was 4.0 ml/minute/
year.  Patients who were normotensive at
baseline (< 140/90 mm Hg) had a slower GFR
decline of 1.9 ml/minute/year compared with 4.3
ml/minute/year for patients who were hyper-
tensive at baseline (p<0.01).  However, MAP was
lower in these normotensive patients (95 mm
Hg) than in the hypertensive patients (102 mm
Hg).  When normotensive patients were compared
with hypertensive patients who were well
controlled (i.e., had the same blood pressure level
as that of normotensive patients), no difference
was noted in decline of GFR (p>0.05).  The
independent variables predictive of progression
of nephropathy were MAP, albuminuria, A1C,
and serum cholesterol level.  The interaction
between hyperglycemia and hypertension was
impressive; those with an MAP greater than 102
mm Hg and an A1C greater than 9.2% had a
decline in GFR of 6.1 ml/minute/year.  Those
with an MAP less than 102 mm Hg and an A1C
less than 9.2% had an annual decline in GFR of
1.5 ml/minute/year (p<0.01).  These results were
independent of the antihypertensive agent
prescribed.

As discussed, elevated blood pressure is a
modifiable risk factor in the development and
progression of CKD.  It is also important to
remember that many of the risk factors and
comorbidities associated with CKD put the
patient at increased risk for vascular events.  The
close relationship between the various organ
systems damaged by longstanding hypertension
make it difficult for researchers and clinicians to
isolate a specific insult as the most important in a
patient’s overall health.  As such, we must
consider both renal protection and vascular risk
reduction when choosing the blood pressure goal
and agent of choice for managing hypertension.

Treatment of Hypertension

The largest trial comparing different agents for
the initial management of hypertension has been
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the Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial (ALLHAT).40

In this study, more than 42,000 patients were
randomly assigned to receive either a thiazide
diuretic (chlorthalidone), an ACE inhibitor
(lisinopril), a calcium channel blocker (amlodipine),
or an a-blocker (doxazosin) as initial hypertension
treatment.  Patients were aged 55 years or older
and had at least one additional risk factor for
coronary heart disease (CHD).  The study
population included more than 15,000 patients
with diabetes.  In addition, study participants had
an average baseline GFR of 78 ml/minute,
indicating that most patients had at least mild
CKD.  The ALLHAT study outcomes included
relevant end points such as the development of
ESRD, combined CHD, and all-cause mortality.
Final results indicated that there was no difference
in the development of ESRD, combined CHD, or
death among the groups (but the doxazosin arm
was stopped early because of an increased
frequency of heart failure compared with the
diuretic arm).  As such, there appears to be little
difference in renal protection with use of these
initial pharmacotherapeutic strategies.  However,
results of subgroup analyses of patients with
diabetes and varying degrees of CKD have not yet
been published.  It is possible that these data,
when available, may reveal benefits to using one
agent over another in these hypertensive populations.

Many other studies have evaluated the effect of
antihypertensive treatment on the progression of
microalbuminuria.  The ACE inhibitors have the
greatest amount of data regarding protection
against the progression of both diabetic and
nondiabetic kidney disease.  One of the earliest
and longest trials of ACE inhibition for diabetic
kidney disease was reported in 1993.41 Ninety
diabetic patients with microalbuminuria were
randomly assigned to either placebo or enalapril
10 mg/day for a 5-year duration.  Patients
assigned to receive enalapril had a significantly
lower degree of albuminuria progression
(p<0.05).  Only 12% of enalapril-treated patients
developed macroalbuminuria versus 42% in the
placebo group.  Average kidney function
(reciprocal creatinine) decreased by 13% in the
placebo group, whereas there was no decrease in
the enalapril group (p<0.05).  In a meta-analysis
among 698 patients with type 1 diabetes and
microalbuminuria, investigators showed that
ACE inhibition is beneficial for preventing
progression of microalbuminuria or development
of macroalbuminuria and for increasing the
likelihood of achieving normoalbuminuria.42

More recently, trials have been conducted to
investigate the role of angiotensin II receptor
blockers (ARBs) in the progression of CKD.  One
group conducted a 2-year, double-blind, placebo-
controlled trial to determine if irbesartan 150 or
300 mg/day would be effective for preventing the
progression of microalbuminuria to nephropathy
in hypertensive individuals with type 2 diabetes.43

At the conclusion of the trial, the hazard ratio for
developing nephropathy, adjusted for baseline
albuminuria and achieved blood pressure during
the study, was 0.56 in the 150-mg group and 0.32
in the 300-mg group compared with placebo
(p<0.05).

Although these data clearly demonstrate that
blockade of the renin-angiotensin system
decreases the progression of microalbuminuria to
macroalbuminuria, a more clinically relevant end
point may be the development of fatal CHD,
ESRD, or all-cause mortality.  Several other trials
have evaluated the effect of renin-angiotensin
blockade on these end points.

In a pivotal trial, both renal and cardiovascular
end points due to ACE inhibition were examined
among patients with diabetes.44 This randomized,
double-blind, placebo-controlled trial compared
captopril 25 mg 3 times/day with usual care
(including blood pressure management) on the
development of worsening kidney function in
patients with macroalbuminuria.  Worsening
kidney function was defined as a doubling of the
serum creatinine concentration.  Four hundred
nine patients were randomized and followed for
3 years.  At the conclusion of the study, serum
creatinine concentration doubled in 12.1% of
captopril-treated patients and 21.3% of patients
in the placebo group (p=0.007).  The risk
reduction for doubling serum creatinine
concentration with captopril was greater as
baseline kidney function decreased.  Overall,
captopril was associated with a 50% reduction in
the risk of death, dialysis, or transplantation
(p=0.006).

Another major study in which the benefits of
ACE inhibition were studied was the Micro-Heart
Outcomes Prevention Evaluation (HOPE) study.45

The HOPE study was designed to determine the
effect of ramipril on vascular events in a high-
risk population.  Micro-HOPE was a substudy of
patients with diabetes and was designed to assess
the effect of ACE inhibition on microalbuminuria
and cardiovascular outcomes.  Patients in the
Micro-HOPE study had a history of diabetes and
at least one additional cardiovascular risk factor.
The results of HOPE were mirrored in Micro-
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HOPE.  A significant reduction (25%) was noted
in the risk of experiencing a cardiovascular event
in patients receiving ramipril (p<0.05).  Furthermore,
a 25% reduction in the development of overt
nephropathy and ESRD was noted among patients
receiving ramipril (p=0.072).  The protective
effects of ACE inhibition were apparent, despite a
very small decrease in blood pressure among
patients receiving ramipril, and remained robust
when adjustments were made for this blood
pressure reduction.  This beneficial effect, despite
very little antihypertensive effect, further
supports the concept that renal protection with
ACE inhibition may be a blood pressure–
independent phenomenon.  Additional studies
confirmed the renoprotective effects of ACE
inhibition in patients with CKD.46–48

The ARBs also have been evaluated for their
composite end points of nephropathy, CHD, and
death.  One group conducted a randomized,
double-blind, placebo-controlled trial to evaluate
irbesartan, amlodipine, and placebo on the
development of doubling of serum creatinine
concentration, ESRD, or death from any cause.49

A total of 1715 patients were randomized and
followed for an average of 2.6 years.  The goal
blood pressure was 135/85 mm Hg in all three
groups.  Treatment with irbesartan was associated
with a 20% decrease in the composite end point
compared with placebo (p=0.02) and a 23%
decrease compared with amlodipine (p=0.006).
Most of this difference appeared to result from a
33% decrease in the doubling of serum creatinine
concentration versus placebo (p<0.05) and, to a
lesser degree, a 23% decrease in the development
of ESRD.  Neither irbesartan, amlodipine, nor
placebo provided any mortality benefit.

Similarly, another group conducted a
randomized, placebo-controlled trial to assess the
effect of losartan on the primary composite end
point of doubling of serum creatinine concen-
tration, ESRD, or death from any cause.50 Target
blood pressure for the 3.4 years of this study was
less than 140/90 mm Hg.  Losartan was associated
with a 16% risk reduction of the primary end
point (p=0.02).  Most of the beneficial effects for
losartan versus placebo appeared secondary to
reduced development for doubling serum
creatinine concentration (p=0.006) and ESRD
(p=0.002), rather than death (p=0.88).

Of importance, there are several limitations to
the available data on antihypertensive drugs and
renal protection.  These include heterogeneity of
populations studied (type 1 vs type 2 diabetes as
well as nondiabetic nephropathy), differing

definitions for micro- and macroalbuminuria,
clinical trial end points, intensity of blood
pressure control, sample size, and duration of
follow-up.  One of the most contentious issues
surrounding the various trials is the degree of
blood pressure lowering between control and
treatment groups.  In most studies, patients
randomly assigned to receive an ACE inhibitor or
ARB had a small but statistically significant
reduction in blood pressure.  Nonetheless, the
beneficial effects due to disruption of the renin-
angiostensin-aldosterone system (RAAS) appear
robust, as decreased renal injury remains evident
after adjustment for blood pressure values.  Key
areas for future investigation include dual
inhibition of the RAAS by simultaneous ACE
inhibitor and ARB administration and blockade
of the aldosterone pathway.51, 52

Several different sets of evidence-based guidelines
exist for the management of blood pressure, with
or without renal injury.  These are summarized in
Table 4.19, 37, 38, 53, 54 Lower blood pressure targets
are uniformly recommended for patients with
renal injury.  The ACE inhibitors and ARBs are
the most commonly recommended agents, as
supported by the previously described clinical
studies.

Lipid Management 

The appropriate management of dyslipidemia
plays an important role in the overall care of the
patient with CKD.  Unfortunately, many patients
with CKD who are candidates for lipid-lowering
therapy do not receive this drug therapy.55 This
may be due to a combination of lack of perceived
benefit and concerns regarding toxicity in this
patient population.  In addition, the data
associating dyslipidemia with the progression of
renal disease is unclear.  Therefore, lipid-
lowering therapy is not traditionally considered
as part of the available drug therapies for these
patients.  However, recognition of the cardiovascular
risk among patients with CKD should prompt
clinicians to consider evaluation and treatment of
dyslipidemia.

Many large clinical trials have demonstrated
the benefits of lowering lipid levels in both
medium- and high-risk patient populations.
Subgroup analyses of these studies show that
patients with mild CKD benefit to a similar
degree as those with intact kidney function.56, 57

Unfortunately, patients with more advanced
stages of CKD have been excluded from large
lipid-intervention trials; therefore, benefits and
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risks are difficult to predict accurately.
Dyslipidemia in the patient with CKD may

require a different screening and management
approach than in the other populations.58

Dyslipidemia may be secondary to proteinuria,
hyperglycemia, or immunosuppressive drugs, all
requiring a slightly tailored approach for optimal
management.58 Furthermore, patients with
advanced stages of CKD may have altered
metabolism and elimination of lipid-lowering

drugs, possibly changing the safety profiles of
commonly used agents.  It is interesting to
recognize that the 3-hydroxy-3-methylglutaryl
coenzyme A reductase inhibitors, or statins, may
have beneficial effects on maintenance of kidney
function in patients with CKD.  Many small
studies of short duration have been conducted to
evaluate lipid-lowering agents, especially statins,
and their effect on preserving kidney function.59–72

A meta-analysis of these trials confirmed the
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Table 4.  Summary of Recommendations from Treatment Guidelines

Goal Blood Pressure (mm Hg)
No Kidney

Guideline Year Country Disease Chronic Kidney Disease Preferred Agent(s)
NKF38 2004 United States NR < 130/80 ACEI, ARB, diuretica

JNC 737 2003 United States < 140/90 Albuminuria or GFR < 60 ml/min: ACEI, ARB
< 130/80

ADA19 2003 United States NR All diabetics: < 130/80 ACEI, ARB

CHWG53 2002 Canada < 140/90 Proteinuria < 1 g/day: < 130/80 ACEI, ARB
Proteinuria ≥ 1 g/day: < 125/75 Thiazide

BHS54 1999 United Kingdom < 140/85 Proteinuria < 1 g/day: < 130/80 ACEI, ARB
Proteinuria ≥ 1 g/day: < 125/75

NKF = National Kidney Foundation; NR = no recommendation; ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin II receptor
blocker; JNC = Joint National Committee on the Prevention, Detection, Evaluation, and Treatment of High Blood Pressure; GFR = glomerular
filtration rate; ADA = American Diabetes Association; CHWG = Canadian Hypertension Working Group; BHS = British Hypertension Society.
aACEI or ARB preferred for all patients with diabetic kidney disease and patients with nondiabetic kidney disease in whom the spot urine total
protein:creatinine ratio is ≥ 200 mg/g.  Diuretics are preferred for patients with nondiabetic kidney disease in whom the spot urine total
protein:creatinine ratio is < 200 mg/g.

Table 5.  Features of the National Kidney Foundation K/DOQI Guidelines that Differ from Those of the National
Cholesterol Education Program Adult Treatment Panel III

NKF K/DOQI Guidelines Adult Treatment Panel III Guidelines
Patients with CKD should be considered to be in the Patients with CKD should not be managed differently from
highest risk category. other patients.

Evaluation of dyslipidemias should occur at presentation Evaluation of dyslipidemias should occur every 5 years.
with CKD, following a change in kidney therapy modality,
and annually.

Drug therapy should be used for LDL level of 100–129 mg/dl Drug therapy is considered optional for LDL level of
after 3 months of therapeutic lifestyle change. 100–129 mg/dl.

Initial drug therapy for high LDL level should be with a Initial drug therapy for high LDL level should be with a
statin. statin, bile acid sequestrant, or nicotinic acid.

Recommendations are made for patients < 20 years old. No recommendations are made for patients < 20 years old.

Fibrates may be used in stage 5 CKD for patients with Fibrates are contraindicated in stage 5 CKD.
triglyceride levels ≥ 500 mg/dl, and for patients with both
triglyceride levels ≥ 200 mg/dl and non-HDL cholesterol
levels ≥ 130 mg/dl who do not tolerate statins.

Gemfibrozil may be the fibrate of choice for treatment No preferences are indicated for which fibrate should be
of high triglycerides in patients with CKD. used to treat hypertriglyceridemia.

NKF = National Kidney Foundation; K/DOQI = Kidney Disease Outcomes Quality Initiative; CKD = chronic kidney disease; LDL = low-density
lipoprotein cholesterol; HDL = high-density lipoprotein cholesterol.
To convert mg/dl to mmol/L, multiply triglycerides by 0.01129 and cholesterol by 0.02586.
Reprinted with permission from reference 58.
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beneficial effect of lipid-lowering agents on
preservation of kidney function.73 Unfortunately,
a clear role for lowering lipid levels and
renoprotection cannot be discerned until large,
randomized controlled trials are conducted.  As
such, prevention of CHD remains the primary
goal of lipid management in patients with CKD.

In general, screening recommendations for
patients with CKD should follow the recom-
mendation from the National Cholesterol
Education Program Adult Treatment Panel III
(ATP III) guidelines.  Although all individuals
older than 20 years should be screened every 5
years, patients with CKD require more frequent
assessment of fasting lipid concentrations
because of proteinuria, dialysis-induced alter-
ations in lipoprotein concentrations, nutritional
supplementation, dietary modification, and
immunosuppressive drugs.58 Patients in later
stages of CKD may require a lipid reevaluation 3
months after a change in any of the variables
listed above.  Additional differences between the
ATP III guidelines and the NKF K/DOQI
guidelines are listed in Table 5.

Treatment Goals

The ATP III guidelines recognize CKD as a
cause of secondary dyslipidemia but do not
specifically identify CKD as a risk factor for
CHD.  However, the K/DOQI guidelines consider
CKD to be a CHD equivalent.58 The K/DOQI
guidelines also recommend an LDL target of less
than 100 mg/dl, with statins recommended as
first-line therapy and more frequent assessment
of lipid status.  To our knowledge, there are no
large, randomized, well-conducted trials of
lowering of lipid levels in patients with CKD to
determine the optimal degree to which levels
should be lowered and which lipid-lowering
agent(s) is superior.

If one considers the likely comorbidities
present in patients with CKD, virtually all
patients will have an ATP III LDL goal of less
than 130 mg/dl and many will have a goal of less
than 100 mg/dl.  Although it is not unreasonable
to establish an LDL target of less than 100 mg/dl
in patients with CKD, specific data showing the
benefits with this degree of lowering the lipid
level are lacking.  Of interest, more recent data
from the Heart Protection Study indicate that the
LDL level may not be as important in vascular
risk reduction as previously thought.57 Patients
considered to be at high risk for CHD were
included in this study, including diabetic patients

with at least one other cardiac risk factor.
Patients received either simvastatin 40 mg or
placebo and were followed for an average of 5
years.  Patients randomly assigned to receive
statin therapy experienced 25% fewer vascular
events than those randomly assigned to receive
placebo, irrespective of baseline or on-treatment
LDL concentrations.  These findings were
particularly robust in the subset of patients with
mild CKD.

The priority when managing dyslipidemia is
LDL level.  The LDL level should be at least less
than 130 mg/dl.  Patients considered to be at very
high risk (10-yr risk of CHD > 20%) should have
an LDL target of less than 100 mg/dl.  If LDL
goals are not achieved after 3 months of lifestyle
modification, statin therapy should be started.
Fibrate therapy should be started in patients with
triglyceride levels greater than 500 mg/dl who
have failed after 3 months of lifestyle
modification.  The fibrate of choice, particularly
in patients with more advanced CKD, is
gemfibrozil.  Other fibrates may require dosage
reduction in more advanced stages of CKD.  The
combination of statins and fibrates should be
avoided.  Statins may be combined with bile acid
sequestrants if triglyceride levels are less than
400 mg/dl.  Alternatively, nicotinic acid may be
used in situations where bile acid sequestrants
are inappropriate or ineffective.  The potential
benefit of combination therapy must be closely
weighed against the increased risk of adverse
effects, adherence issues, and cost.

The clinician must carefully consider the effect
of altered metabolism and elimination of lipid-
lowering agents, irrespective of class, in patients
with CKD.  Particular consideration must be
given to the possibility of drug interactions,
especially after transplantation.  Clinicians must
closely follow patients and assess for signs,
symptoms, or laboratory abnormalities associated
with drug toxicity.

Tobacco Cessation

Tobacco use is a well-documented cause or risk
factor for many diseases including heart disease,
peripheral vascular disease, lung cancer, oral
cancer, and chronic obstructive pulmonary
disease.  Often unrecognized is the fact that
smoking exerts damaging effects on the kidney
and has recently been identified as a risk factor
for the progression of CKD.  In otherwise healthy
adults, research has shown that smoking, in a
dose-dependent manner, increases urinary
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excretion of albumin.74, 75 There is also evidence
that smoking may accelerate a decline in GFR,
especially among men.32, 74 The harmful effects of
smoking on kidney function are much more
pronounced among patients with concomitant
hypertension and/or diabetes.76 Smoking is a
predictor of albuminuria among patients with
essential hypertension.  Likewise, smoking has
been found to be an independent predictor of
microalbuminuria in both diabetic and non-
diabetic subjects.77 Collectively, this evidence
highlights the importance of promoting the
cessation of smoking or tobacco use to reduce
health risk among all adults, including patients at
risk for or with a diagnosis of CKD.

Recent clinical practice guidelines on tobacco
cessation have been published to assist health
care practitioners in delivering cessation support.78

The guidelines clearly recommend that every
tobacco user should be offered at least a brief
smoking cessation intervention.  Evidence
demonstrates that the success rate for smoking
abstinence can be increased when interventions
are provided by many clinician types.79–84

Therefore, the guidelines recommend that all
clinicians, including pharmacists, provide
smoking cessation interventions.

An acronym, known as the Five A’s, is suggested
to provide smoking cessation counseling (Table
6).  To assist those smokers willing to make a
quit attempt, behavioral modification counseling
is first-line therapy.  Pharmacotherapeutic agents
are recommended as an adjunct therapy.  Although,
to our knowledge, no specific clinical trials have
evaluated smoking cessation agents in patients
with CKD, all therapies approved by the United
States Food and Drug Administration would be
expected to be effective.  In general, no single
cessation product has been proved superior to
another.  Patient preference and proper use of the
drugs are most important for selecting and
implementing therapy.

Despite the paucity of data, there are several
therapeutic considerations when using smoking
cessation therapies among patients with CKD.
Some evidence indicates that renal elimination of
nicotine is slowed as CKD progresses.85 Therefore,
smokers with CKD may have higher nicotine
concentrations and may also have a higher
tolerance for nicotine than those without CKD.
Consequently, higher initial dosages of nicotine
replacement therapy may be required to curb
withdrawal symptoms in these patients.  However,
during a cessation attempt and tapering of
nicotine replacement therapy, lower dosages of
nicotine replacement therapy may be used to
achieve a relatively higher steady-state nicotine
concentration.  Also, little data exist on the
elimination of bupropion in patients with CKD.86

Elimination of the major active metabolites of
bupropion may be impaired in patients with
reduced kidney function, but studies have not
been performed.  Therefore, bupropion for
smoking cessation should be used with caution
in patients with severe CKD.

Anemia

The primary pathophysiologic mechanism for
anemia in patients with CKD is a progressive,
relative erythropoietin deficiency as the kidney’s
functional capacity to produce erythropoietin
diminishes.  Therefore, a normochromic,
normocytic anemia is common in patients with
CKD.  Additional factors such as iron deficiency
also contribute to the development of anemia in
this population.  According to recent data from
the Third National Health and Nutrition
Examination Survey, approximately 830,000
adults have CKD-associated anemia, defined as a
hemoglobin level below 11 g/dl.87 If defined as a
hemoglobin level below 12 g/dl, the number of
adults increases to 1.6 million.  Despite the
prevalence of anemia in CKD, it is underrecognized
and undertreated.  Data confirm that less than
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Table 6.   The Five A’s for Brief Smoking Cessation Intervention78

The Five A’s Intervention
Ask about tobacco use. Identify and document tobacco use status for every patient at every visit.

Advise to quit. In a clear, strong, and personalized manner, urge every tobacco user to quit.

Assess willingness Is the tobacco user willing to make a quit attempt at this time?
to make a quit attempt.

Assist in quit attempt. For patients willing to make a quit attempt, use counseling and pharmacotherapy
to help them quit.

Arrange follow-up. Schedule follow-up contact, preferably within the first week after the quit date.
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30% of patients report receiving anemia
treatment before dialysis.88 Benefits of early
treatment of anemia in patients with CKD
include decreased hospitalizations for cardio-
vascular complications and improved survival,
exercise capacity, cognitive function, and quality
of life.

In a study of 176 patients, the relationship
between declining GFR and the development of
anemia was established.89 Anemia manifested
and was positively correlated with a GFR of less
than 40 ml/minute.  In a more recent study, 403
patients with a baseline serum creatinine level
above 2.3 mg/dl were followed prospectively to
analyze the influence of various factors on the
development of anemia and the use of erythro-
poietin.90 Most patients developed anemia when
GFR was less than 20 ml/minute.

Complications of anemia in CKD contribute to
the high rates of cardiovascular morbidity and
mortality.91 Chronic kidney disease contributes
to the development of left ventricular hyper-
trophy.  In a study of 175 patients with a mean
GFR of 25.5 ml/minute, 39% had evidence of left
ventricular hypertrophy by echocardiography.92

In another study of more than 400 patients
receiving dialysis, left ventricular hypertrophy
was present in 74%.93 Anemia appears to be
associated with these changes in left ventricular
mass.  In a prospective trial, 432 patients receiving
dialysis were followed for approximately 3.4
years.94 Through multiple logistic regression
modeling, left ventricular mass index was shown
to increase by 5.8 g/m2 for every 1-g/dl decrease
in hemoglobin  level.  In addition, the same
investigators showed that for every 1-g/dl
decrease in hemoglobin level, there was a 42%
increased risk of left ventricular dilatation.  These
data support the association between cardiovascular
disease and anemia.

Anemia also contributes to a poor quality of
life among patients with CKD.  Markers of
quality of life correlate with the degree of anemia
and improve with treatment.95 As anemia
worsens, cognitive function deteriorates.  Several
studies have documented improvements in both
neuropsychologic and neurophysiologic tests
with treatment of anemia.96 Patients have
reported improvements in energy, activity levels,
sleep quality, eating behavior, satisfaction with
health, and sexual function.97 The ramifications
from anemia complications are clear and support
the need for aggressive screening, treatment, and
monitoring before patients develop ESRD.

The K/DOQI working group for anemia has

developed clinical practice guidelines for anemia
of CKD.98 These guidelines outline the proper
workup, management, and monitoring of this
complication.  Screening for anemia should be
conducted routinely for all patients with reduced
GFR.  For those patients with CKD, a workup for
anemia should begin once the hemoglobin level
is less than 12 g/dl in adult men and postmeno-
pausal women and less than 11 g/dl in premeno-
pausal women and prepubertal patients.  Iron
stores should also be evaluated to ensure efficient
red blood cell production.  The goal of anemia
therapy should be an achieved target hemoglobin
level of 11–12 g/dl, possibly up to 13 g/dl.
Hemoglobin levels below 11 g/dl are considered
unacceptable.

Contemporary management of CKD-associated
anemia involves the use of both erythropoietin or
darbepoetin alfa, as well as supplemental oral
and/or intravenous iron.  Although guidelines for
the dosing of erythropoietin are well established,
dosing of this agent in clinical practice does not
adhere to these recommendations.  Common
mistakes for erythropoietin therapy include
premature dosage increases, a starting dosage
that is too high, and changing dosages by too
large a margin.99 Pharmacists can play a key role
in this environment by developing administration
protocols, monitoring patient responses to
therapy, and educating prescribers on appropriate
dosing strategies.

The longer half-life of darbepoetin alfa has
improved management for the ambulatory CKD
population.  Benefits of this drug may include
less frequent dosing, lower use of supplies, fewer
office visits, and improved adherence.100 Patients
receiving therapy with erythropoietic agents
require consistent monitoring of hemoglobin and
hematocrit for dose and frequency changes.
Finally, erythropoietic proteins have been
associated with various adverse events including
hypertension or worsening blood pressure,
seizures, hyperkalemia, and increased risk of
blood clots.101 Pharmacists should be aware of
these complications and routinely screen for
adverse effects in this patient population.
Pharmacists may be the first clinicians to
recognize worsening blood pressure and facilitate
treatment for this adverse event.

Pharmacist can also facilitate appropriate iron
therapy to complement anemia management.
With iron necessary for efficient red blood cell
production, it is imperative that patients achieve
and maintain normal iron stores.  The K/DOQI
guidelines suggest that sufficient iron should be
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administered to maintain a transferrin saturation
of 20% or greater and a serum ferritin level of
100 ng/ml or greater.98 At least 200 mg/day of
oral elemental iron supplementation should be
administered for adults.  However, many patients
with CKD may require intravenous iron therapy
to achieve target iron stores.  Therefore, several
dosing strategies for intravenous iron therapy are
outlined in the K/DOQI guidelines.  When
starting therapy with erythropoietic agents, the
transferrin saturation and serum ferritin level
should be monitored every month in patients not
receiving intravenous iron and once every 3
months in patients receiving intravenous iron.
Once the goal hemoglobin level is achieved, iron
status should be monitored every 3 months.

Hyperparathyroidism and Renal
Osteodystrophy

Evidence indicates that the derangements in
mineral and bone metabolism in CKD are
associated with increased morbidity and
mortality.102–104 Progressive CKD leads to hypo-
calcemia, subsequent secondary increases in
parathyroid hormone levels, and bone metabolism
abnormality, known collectively as renal
osteodystrophy.  These laboratory alterations can
occur in the early stages of CKD and continue as
kidney function deteriorates.  Several pathogenetic
mechanisms create the environment for hypo-
calcemia to develop.  These include phosphate
retention due to inability of the kidney to
eliminate the mineral, skeletal parathyroid
hormone resistance, and inability of the kidney
to activate vitamin D needed for calcium
absorption from the gut.  The complications of
renal osteodystrophy can affect tissues outside
bone, including soft-tissue calcification, pruritus,
proximal myopathy, skin ulceration, and soft-
tissue necrosis.  The long-term effects of soft-
tissue calcifications can lead to impaired
pulmonary function, pulmonary fibrosis, chronic
heart failure, cardiac arrhythmias, and ischemic

heart disease.104–106 Therefore, strategies for early
prevention and management of renal
osteodystrophy are extremely important in
improving patients’ quality of life and longevity.
Recently, the NKF K/DOQI published guidelines
for bone metabolism and disease in patients with
CKD.107

Secondary hyperparathyroidism develops in
patients with CKD once there is a loss of approxi-
mately 50% of kidney function, corresponding to
stage 3 CKD.  Monitoring of serum chemistries
for calcium, phosphorus, and parathyroid
hormone should begin once patients enter stage
3 CKD (GFR < 60 ml/min).  The frequency of
monitoring varies from yearly to monthly
according to the progressive stage of CKD.107

Proper management of metabolic disturbances
and bone disease in patients with CKD is
multifactorial.  This includes maintenance of goal
concentrations for serum phosphorous, calcium,
and parathyroid hormone.  The K/DOQI
guidelines provide practitioners with goals for
each laboratory value (Table 7).  The goals differ
depending on the stage of CKD.  In general, the
guidelines group recommendations for patients
with stage 3 or 4 CKD and patients with stage 5
CKD.

When phosphorus retention and elevated
phosphorus concentrations are observed,
restriction of dietary phosphorus (< 1 g/day) and
use of phosphate binders become crucial.
Dietary phosphorus restriction in early CKD is
warranted as long as dietary protein requirements
are met.  Calcium-based phosphate binders and
the nonelemental binder, sevelamer hydrochloride,
can be used if dietary phosphorus restriction is
unsuccessful.  Although, to our knowledge, no
prospective, controlled trials have evaluated the
efficacy of phosphate binders in stages 3–4 CKD,
the K/DOQI guidelines suggest that initial
therapy should use calcium-based binders.  Most
phosphate binders have clear evidence supporting
their efficacy in stage 5 CKD, but caution is
warranted with liberal use of calcium-based
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Table 7.  Recommended Goal Concentrations for Bone Disease in Chronic
Kidney Disease107

Laboratory Parameter CKD Stage 3 CKD Stage 4 CKD Stage 5
PTH (pmol/L) 35–70 70–110 150–300
PO4 (mg/dl) 2.7–4.6 2.7–4.6 3.5–5.5
Ca (mg/dl) 8.4–10.2 8.4–10.2 8.4–9.5
Ca-PO4 product (mg2/dl2) < 55 < 55 < 55
CKD = chronic kidney disease; PTH = parathyroid hormone, PO4 = serum phosphorous, 
Ca = serum-corrected calcium.
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binders for these patients.  Excessive calcium
ingestion has been linked with an increased risk
of vascular and tissue calcification.  For all
patients with CKD in stages 3–5, total daily
dietary elemental calcium should not exceed
2000 mg, including calcium intake from
phosphate binder therapy.  Corrected total
calcium levels should be maintained within the
normal therapeutic range by using both dietary
and pharmacologic interventions.  To maintain
both corrected total calcium and serum
phosphorus in their proper therapeutic ranges,
attention should also be directed to maintaining a
calcium-phosphorus product of less than 55
mg2/dl2.

In addition to both calcium and phosphorus
derangements, patients with CKD are at risk for
developing vitamin D (25-hydroxyvitamin D)
insufficiency.  These individuals need to be
treated with vitamin D therapy.  Treatment with
vitamin D should be integrated with serum
calcium, phosphorous, and parathyroid hormone
measurements.  Several algorithms have been
developed in the K/DOQI guidelines to assist
practitioners in the dosing of vitamin D
therapies.107 After starting vitamin D therapy,
monitoring of parathyroid hormone, vitamin D,
and calcium levels is warranted.

Although less common today, aluminum
accumulation can occur in patients with CKD.
This is particularly evident in patients undergoing
dialysis but is of concern once GFR decreases
below 30 ml/minute.  Aluminum toxicity is
associated with devastating neurologic adverse
effects.  Therefore, it is prudent to monitor
aluminum concentrations in these patients and, if
necessary, treat accordingly with deferoxamine.
Aluminum-containing compounds (e.g.,
antacids, sucralfate) and citrate salts (e.g.,
calcium citrate) should be avoided since they
enhance absorption of aluminum.  Certain
additional risk factors may contribute to bone
disease and include drug exposure (e.g.,
glucocorticoids), comorbid disease states
(diabetes), and metabolic abnormalities
associated with progressive kidney damage
(metabolic acidosis).  Awareness of these
additional risk factors can minimize their effect
on bone disease associated with CKD.

Additional Considerations

Other interventions to prevent complications
in patients with CKD are recommended.  Low-
dose daily aspirin is a primary prevention

strategy recommended by the United States
Preventive Services Task Force to reduce
cardiovascular risk in patients at an increased
risk for CHD.108 Patients with CKD are
independently at high risk for CHD, and the
presence of additional risk factors (advanced age,
elevated blood pressure, diabetes, dyslipidemia,
family history of CHD, and smoking) warrants
aspirin preventive therapy.  Influenza, pneumo-
coccal, and hepatitis B vaccinations should be
strongly considered, as patients with kidney
disease are a target population who are at high
risk for infection-related complications.109, 110 In
addition, it is important to estimate and document
GFR (using an appropriate prediction equation
like Cockcroft-Gault or Modification of Diet in
Renal Disease) at least annually in all patients.111,

112 Patients with stage 3 or higher CKD should
have GFR documented at least biannually.  Table
8 contains a summary of recommendations to
improve the care of patients with CKD.

Implicit in this population is the avoidance of
pharmacologic agents or situations that may
cause acute decline in GFR.  Volume depletion,
obstruction of the urinary tract, intravenous
radiographic contrast agents, selected anti-
microbials (e.g., aminoglycosides, amphotericin
B), nonsteroidal antiinflammatory agents
(including cyclooxygenase 2–selective inhibitors),
cyclosporine, and tacrolimus are all identified as
drug-induced causes of acute renal function decline
in patients with CKD.5 These pharmacologic
agents should be avoided or used with caution in
patients with CKD.

The ACE inhibitors and ARBs are also known
to cause acute decline in GFR and a corresponding
rise in serum creatinine level.  The decline in
GFR is a hemodynamic response and does not
signal renal damage.  Rarely do these agents
cause frank renal injury.  The benefits of continued
therapy with an ACE inhibitor or ARB outweigh
the risks.  If the serum creatinine level increases
several tenths (e.g., from 1.5 to 1.9), decreasing
the dosage and slowly titrating the dosage will
minimize the risk of kidney damage.

Documentation of Pharmaceutical Care in
Patients with CKD

The effect of pharmacists’ involvement in the
multidisciplinary treatment of common causes of
ESRD, such as hypertension and diabetes
mellitus, is well documented.  In one study,
physician-pharmacist comanagement of hyper-
tension led to significantly more (60% vs 43%)
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patients achieving blood pressure control
(p=0.02) compared with those receiving usual
care.113 The comanaged patients experienced
average systolic blood pressure reductions of 22
mm Hg, compared with 11 mm Hg in the usual
care group.  Likewise, when Veterans Affairs
patients with hypertension were provided
patient-centered pharmaceutical care for 6
months, greater reductions in systolic blood
pressure (8.2 vs 1.3 mm Hg, p=0.044), improved
drug therapy compliance, and decreased
hospitalizations (p=0.043) were noted compared
with a usual care control group.114

A similar effect was seen when pharmacists
were involved in interdisciplinary efforts to treat
diabetes.  One group reported a mean A1C
reduction of 1.3% at 6 months (compared with
0.2% reduction for control patients) when
patients were provided multidisciplinary care
management, including a pharmacist (p<0.0001).115

Both outpatient and inpatient service utilization
were significantly lower in the patient group
receiving team care (p<0.01).  A multidisciplinary
diabetic management group at the University of
Mississippi likewise compared usual care by
internal medicine physicians with multidisci-
plinary care.116 Team care resulted in an average
decrease in A1C of 2.06% vs 0.28% in the internal
medicine clinic (p<0.001).  Of importance,
screening for microalbuminuria was performed
more frequently in patients receiving team care
than in those receiving usual care (86% vs 34%,
p<0.01).116 Another study of primary care

physicians revealed that only 37% monitor for
microalbuminuria appropriately in patients with
diabetes and that referral rates to nephrologists
were extremely low (3–11%) during early stages
of CKD.117 An opportunity for pharmacists exists
by ensuring that monitoring for microalbu-
minuria is performed routinely along with
appropriate communication to patients and
primary care providers about the need to consult
a nephrologist.

Involvement of the pharmacist in multidis-
ciplinary care for patients at risk for CKD not
only increases the likelihood of achieving
treatment goals, but also results in lower health
care utilization and presumably lower associated
costs.  Treatment of anemia has been shown to
improve cardiac function and is associated with a
decrease in the rate of GFR decline in patients
with CKD.118, 119 However, mean hematocrit
values of patients beginning chronic dialysis
averaged 27.7% in one study, with less than 30%
of patients receiving erythropoietin therapy.88

One study of 1936 patients undergoing dialysis
revealed that despite a high overall utilization of
services, only 10.5% received erythropoietin and
only 38% received an ACE inhibitor in the 12
months before starting dialysis.120

Pharmacist-implemented anemia management
protocols have proved successful in outpatient
hemodialysis units.121 Such management has
been shown to reduce erythropoietin dosage
requirements from 19,612 to 13,481 U/week,
while maintaining stable hematocrit concentrations
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Table 8.  Summary of Recommendations for Clinicians Treating Patients with
Chronic Kidney Disease

Stage Actionsa

At riskb Do annual spot urine test for albumin.
Perform annual estimation and documentation of GFR.
Control blood pressure to < 140/90 mm Hg
(< 130/80 mm Hg for patients with diabetes).

Screen for diabetes and/or treat to recommended goals.
Screen for dyslipidemia and/or treat to recommended goals.
Promote smoking cessation, if indicated.

1–2 Control blood pressure to < 130/80 mm Hg.
Encourage daily aspirin therapy.
Recommend annual flu vaccine.
Administer pneumococcal and/or hepatitis B vaccine, if needed.
Limit exposure of nephrotoxic drugs.

3–5 Perform biannual estimation and documentation of GFR.
Screen for and/or treat anemia.
Screen for and/or treat hyperparathyroidism.
Avoid use of nephrotoxic drugs.

GFR = glomerular filtration rate.
aEach stage includes actions from preceding stages.
bAny patients with risk factors for developing chronic kidney disease.
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in the 32–36% range.122 Cost-benefit analyses of
another pharmacist-managed anemia protocol in
patients undergoing dialysis projected a cost
savings of $1086/patient/year versus physician
management.123 Dosage reductions have justified
the salaries for full-time pharmacist involvement
in this arena.124

Although early recognition of secondary
hyperparathyroidism is important for preventing
long-term consequences, the activities of
pharmacists in the care of patients with CKD
who have secondary hyperparathyroidism not yet
receiving dialysis therapy are not well described.
Overall, phosphate binder therapy is underused
in the CKD population.120 When pharmacists
collaboratively managed secondary hyperpara-
thyroidism in patients already receiving
hemodialysis, a reduction in moderate-to-severe
hyperparathyroidism was seen with an associated
decreased cost.125 It was recommended that
patient evaluation for secondary hyperpara-
thyroidism (serum calcium, serum phosphorus,
intact parathyroid hormone concentrations)
begin when GFR is less than 60 ml/minute.5

Perhaps if more pharmacists became involved in
advocating or initiating these evaluations, a
greater percentage of patients with CKD who
have secondary hyperparathyroidism would
receive appropriate therapy.

Drug counseling that emphasizes adherence is
another area where pharmacists have an
opportunity for involvement with patient care.
Pharmacists’ education for patients with ESRD
after transplantation improves immunosuppressant
adherence.126 The same holds true for older
patients receiving more than three drugs in a
general practice environment127 and for patients
during hospital discharge.128 This underscores
the importance of drug counseling by pharmacists
in all practice environments; however, room for
improvement exists.  One study of patients
already undergoing dialysis demonstrated only
39% of patients undergoing hemodialysis recall
all of their drugs and missed an average of 13
doses/month of phosphate binder therapy.  Less
than 15% identified pharmacists as their main
source of drug information.129 Data specific to
patients with pre-ESRD are somewhat lacking,
but the lack of reliance on pharmacy services is
likely an issue in this population as well.  Pharmacists
are easily accessible to the public.  This is an
opportunity to improve drug adherence through
education and should not be overlooked.

Drug noncompliance is more likely in patients
without prescription coverage.  The cost of

antihypertensives, antidiabetic agents, and other
drugs received by patients with CKD can be
prohibitive for many patients.  Again, pharmacists
are distinctly prepared to assist patients with this
barrier.  For example, one large university medical
center drug assistance program netted a 6-month
savings of $127,447.130 Referrals for Medicaid
assessment and contact with individual state and
industry-sponsored programs should be made for
eligible patients.  Several useful Internet tools are
available to assist pharmacists:  http://www.rxassist.org,
http://www.needymeds.com, http://www.phrma.org.

The following is a summary of potential roles
and responsibilities for pharmacists in the care of
patients with CKD:

• Attainment of blood pressure goal
• Attainment of glycemic goals in those with

diabetes
• Early evaluation and treatment for proteinuria
• Early evaluation and therapy for anemia
• Early evaluation and therapy for secondary

hyperparathyroidism
• Attainment of lipid goals, where appropriate.
• Appropriate drug dosing adjustments
• Minimization of drug-related nephrotoxin

exposure
• Provision of drug therapy instruction
• Screening for ability to afford drugs
• Education regarding smoking cessation,

where appropriate

Summary

An increasing number of patients are expected
to develop CKD in the future, especially due to
the aging population.  Recognizing and treating
this disease during the initial stages are
important, especially in primary care settings.
Patients with CKD require evaluation, treatment,
and control of primary care conditions, such as
diabetes, hypertension, dyslipidemia, and
smoking, to reduce progression of kidney
damage.  Of importance, comorbidity of CKD
and these conditions confer additional treatment
considerations.  These patients may have distinct
conditions such as anemia and secondary
hyperparathyroidism that are not traditionally
evaluated and monitored by primary care
practitioners.  Thus, many opportunities exist for
pharmacists who practice in the primary care
setting to improve the care of patients with CKD.

Acknowledgments

The authors thank the following individuals for
their review of the manuscript:  Thomas C. Dowling,

139



PHARMACOTHERAPY  Volume 25, Number 1, 2005

Ph.D., Pharm.D., Mary Roth, Pharm.D., Stuart T.
Haines, Pharm.D., and William A. Kehoe, Pharm.D.

References
1. U.S. Renal Data System. Excerpts from the USRDS 2002

annual data report: atlas of end-stage renal disease in the
United States. Am J Kidney Dis 2003;41(suppl 2):S1–256.

2. U.S. Renal Data System. USRDS 2000 annual data report:
atlas of end-stage renal disease in the United States. Bethesda,
MD: National Institutes of Health, National Institute of
Diabetes and Digestive and Kidney Diseases, 2000.

3. Levey AS, Beto JA, Coronado BE, et al. Controlling the
epidemic of cardiovascular disease in chronic renal disease:
what do we know? What do we need to learn? Where do we
go from here? National Kidney Foundation Task Force on
Cardiovascular Disease. Am J Kidney Dis 1998;32:853–906.

4. Ferrier KE, Muhlmann MH, Baguet JP, et al. Intensive
cholesterol reduction lowers blood pressure and large artery
stiffness in isolated systolic hypertension. J Am Coll Cardiol
2002;39:1020–5.

5. National Kidney Foundation. K/DOQI clinical practice
guidelines for chronic kidney disease: evaluation,
classification, and stratification. Kidney disease outcome
quality initiative. Am J Kidney Dis 2002;39(suppl 1):S1–246.

6. Keane WF, Eknoyan G. Proteinuria, albuminuria, risk,
assessment, detection, elimination (PARADE): a position
paper of the National Kidney Foundation. Am J Kidney Dis
1999;33:1004–10.

7. National Kidney Foundation. Kidney early evaluation
program. Am J Kidney Dis 2003;42(suppl 4):S1–60.

8. Attman PO, Alaupovic P, Samuelsson O. Lipoprotein
abnormalities as a risk factor for progressive nondiabetic renal
disease. Kidney Int Suppl 1999;71:S14–17.

9. Breyer J. Diabetic nephropathy. In: Greenberg A, ed. Primer
on kidney diseases, 2nd ed. San Diego: Academic Press,
1998:215–20.

10. Brownlee M. Advanced protein glycosylation in diabetes and
aging. Annu Rev Med 1995;46:223–34.

11. The Diabetes Control and Complications Trial Research
Group. The effect of intensive treatment of diabetes on the
development and progression of long-term complications in
insulin-dependent diabetes mellitus. N Engl J Med
1993;329:977–86.

12. 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;352:837–53.

13. Andersen S. Pathogenesis of hypertensive renal disease. In:
Izzo JL, Black HR, eds. Hypertension primer, 2nd ed.
Baltimore, MD: Lippincott, Williams and Wilkins,
1999:190–3.

14. Zarama M, Abraham PA. Drug-induced renal disease. In:
DiPiro JT, Talbert RL, Yee GC, Matzke GR, Wells BG, Posey
LM, eds. Pharmacotherapy: a pathophysiologic approach, 3rd
ed. Stamford, CT: Appleton and Lange, 1997:1007–32.

15. Shichiri M, Kishikawa H, Ohkubo Y, Wake N. Long-term
results of the Kumamoto study on optimal diabetes control in
type 2 diabetic patients. Diabetes Care 2000;23(suppl
2):B21–9.

16. 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). Lancet 1998;352:854–65.

17. Genuth S, Eastman R, Kahn R, et al. Implications of the
United Kingdom prospective diabetes study. Diabetes Care
2003;26(suppl 1):S28–32.

18. 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;28:103–17.
19. American Diabetes Association. Standards of medical care for

patients with diabetes mellitus. Diabetes Care 2003;26(suppl
1):S33–50. (Erratum in Diabetes Care 2003;26:972.)

20. Gaede P, Vedel P, Parving HH, Pedersen O. Intensified
multifactorial intervention in patients with type 2 diabetes
mellitus and microalbuminuria: the Steno type 2 randomised
study. Lancet 1999;353:617–22.

21. Gaede P, Vedel P, Larsen N, Jensen GV, Parving HH,
Pedersen O. Multifactorial intervention and cardiovascular
disease in patients with type 2 diabetes. N Engl J Med
2003;348:383–93.

22. Molitch ME, DeFronzo RA, Franz MJ, Keane WF, Mogensen
CE, Parving HH. Diabetic nephropathy. Diabetes Care
2003;26(suppl 1):S94–8.

23. American College of Endocrinology. Consensus statement on
guidelines for glycemic control. Endocr Pract 2002;8(suppl
1):S5–11.

24. Klag MJ. Renal risk. In: Izzo JL, Black HR, eds. Hypertension
primer, 2nd ed. Baltimore, MD: Lippincott, Williams and
Wilkins, 1999:211–14.

25. Brazy PC, Stead WW, Fitzwilliam JF. Progression of renal
insufficiency: role of blood pressure. Kidney Int
1989;35:670–4.

26. Oldrizzi L, Rugiu C, De Biase V, Maschio G. The place of
hypertension among the risk factors for renal function in
chronic renal failure. Am J Kidney Dis 1993;21:119–23.

27. Locatelli F, Marcelli D, Comelli M, et al. Proteinuria and
blood pressure as causal components of progression to end-
stage renal failure. Nephrol Dial Transplant 1996;11:461–7.

28. Rosansky SJ, Hoover DR, King L, Gibson J. The association
of blood pressure levels and change in renal function in
hypertensive and nonhypertensive subjects. Arch Intern Med
1990;150:2073–6.

29. Lindeman RD, Tobin JD, Shock NW. Association between
blood pressure and the rate of decline in renal function with
age. Kidney Int 1984;26:861–8.

30. Perneger TV, Nieto FJ, Whelton PK, Klag MJ, Comstock GW,
Szklo M. A prospective study of blood pressure and serum
creatinine: results from the clue study and the ARIC study.
JAMA 1993;269:488–93.

31. Madhavan S, Stockwell D, Cohen H, Alderman MH. Renal
function during antihypertensive treatment. Lancet
1995;345:749–51.

32. Klag MJ, Whelton PK, Randall BL, et al. Blood pressure and
end-stage renal disease in men. N Engl J Med 1996;334:
13–18.

33. Shulman NB, Ford CE, Hall WD, et al. Prognostic value of
serum creatinine and effect of treatment of hypertension on
renal function: results from the hypertension detection and
follow-up program. The hypertension detection and follow-up
program cooperative group. Hypertension 1989;13: I80–93.

34. Peterson JC, Adler S, Burkart JM, et al. Blood pressure
control, proteinuria, and the progression of renal disease: the
modification of diet in renal disease study. Ann Intern Med
1995;123:754–62.

35. Hunsicker LG, Adler S, Caggiula A, et al. Predictors of the
progression of renal disease in the modification of diet in
renal disease study. Kidney Int 1997;51:1908–19.

36. Wright JT Jr, Bakris G, Greene T, et al. Effect of blood
pressure lowering and antihypertensive drug class on
progression of hypertensive kidney disease: results from the
AASK trial. JAMA 2002;288:2421–31.

37. Chobanian AV, Bakris GL, Black HR, et al. The seventh
report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure.
JAMA 2003;289:2560–72. (Erratum in JAMA 2003;290:197.)

38. Abosaif NY, Arije A, Atray NK, et al. K/DOQI clinical
practice guidelines on hypertension and antihypertensive
agents in chronic kidney disease. Am J Kidney Dis
2004;43(suppl 1):S1–290.

39. Hovind P, Rossing P, Tarnow L, Smidt UM, Parving HH.
Progression of diabetic nephropathy. Kidney Int

140



CARING FOR PATIENTS WITH CHRONIC KIDNEY DISEASE  Zillich et al

2001;59:702–9.
40. The ALLHAT Collaborative Research Group . Major

outcomes in high-risk hypertensive patients randomized to
angiotensin-converting enzyme inhibitor or calcium channel
blocker vs diuretic: the antihypertensive and lipid-lowering
treatment to prevent heart attack trial (ALLHAT). JAMA
2002;288:2981–97.

41. Ravid M, Savin H, Jutrin I, Bental T, Katz B, Lishner M.
Long-term stabilizing effect of angiotensin-converting enzyme
inhibition on plasma creatinine and on proteinuria in
normotensive type II diabetic patients. Ann Intern Med
1993;118:577–81.

42. ACE Inhibitors in Diabetic Nephropathy Trialist Group.
Should all patients with type 1 diabetes mellitus and
microalbuminuria receive angiotensin-converting enzyme
inhibitors? A meta-analysis of individual patient data. Ann
Intern Med 2001;134:370–9.

43. Parving HH, Lehnert H, Brochner-Mortensen J, Gomis R,
Andersen S, Arner P. The effect of irbesartan on the
development of diabetic nephropathy in patients with type 2
diabetes. N Engl J Med 2001;345:870–8.

44. Lewis EJ, Hunsicker LG, Bain RP, Rohde RD. The effect of
angiotensin-converting-enzyme inhibition on diabetic
nephropathy. The collaborative study group. N Engl J Med
1993;329:1456–62.

45. Heart Outcomes Prevention Evaluation 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;355:253–9.

46. The GISEN Group (Gruppo Italiano di Studi Epidemiologici
in Nefrologia). Randomised placebo-controlled trial of effect
of ramipril on decline in glomerular filtration rate and risk of
terminal renal failure in proteinuric, non-diabetic
nephropathy. Lancet 1997;349:1857–63.

47. Jafar TH, Schmid CH, Landa M, et al . Angiotensin-
converting enzyme inhibitors and progression of nondiabetic
renal disease: a meta-analysis of patient-level data. Ann Intern
Med 2001;135:73–87.

48. Maschio G, Alberti D, Janin G, et al .  Effect of the
angiotensin-converting-enzyme inhibitor benazepril on the
progression of chronic renal insufficiency. The angiotensin-
converting-enzyme inhibition in progressive renal
insufficiency study group. N Engl J Med 1996;334:939–45.

49. 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;345:851–60.

50. 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;345:861–9.

51. Zillich AJ, Carter BL .  Eplerenone: a novel selective
aldosterone blocker. Ann Pharmacother 2002;36:1567–76.

52. Mogensen CE, Neldam S, Tikkanen I, et al. Randomised
controlled trial of dual blockade of renin-angiotensin system
in patients with hypertension, microalbuminuria, and non-
insulin dependent diabetes: the candesartan and lisinopril
microalbuminuria (CALM) study. BMJ 2000;321:1440–4.

53. McAlister FA, Zarnke KB, Campbell NR, et al. The 2001
Canadian recommendations for the management of
hypertension. II. Therapy. Can J Cardiol 2002;18:625–41.

54. Ramsay LE, Williams B, Johnston GD, et al . British
Hypertension Society guidelines for hypertension
management 1999: summary. BMJ 1999;319:630–5.

55. Tonelli M, Bohm C, Pandeya S, Gill J, Levin A, Kiberd BA.
Cardiac risk factors and the use of cardioprotective
medications in patients with chronic renal insufficiency. Am J
Kidney Dis 2001;37:484–9.

56. Tonelli M, Moye L, Sacks FM, Kiberd B, Curhan G.
Pravastatin for secondary prevention of cardiovascular events
in persons with mild chronic renal insufficiency. Ann Intern
Med 2003;138:98–104.

57. Heart Protection Study Collaborative Group. MRC/BHF
heart protection study of cholesterol lowering with
simvastatin in 20,536 high-risk individuals: a randomised
placebo-controlled trial. Lancet 2002;360:7–22.

58. National Kidney Foundation. K/DOQI clinical practice
guidelines for managing dyslipidemias in chronic kidney
disease. Am J Kidney Dis 2003;41(suppl 3):S1–92.

59. Tonelli M, Moye L, Sacks FM, Cole T, Curhan GC. Effect of
pravastatin on loss of renal function in people with moderate
chronic renal insufficiency and cardiovascular disease. J Am
Soc Nephrol 2003;14:1605–13.

60. Crook ED, Thallapureddy A, Migdal S, et al . Lipid
abnormalities and renal disease: is dyslipidemia a predictor of
progression of renal disease? Am J Med Sci 2003;325: 340–8.

61. Bianchi S, Bigazzi R, Caiazza A, Campese VM. A controlled,
prospective study of the effects of atorvastatin on proteinuria
and progression of kidney disease. Am J Kidney Dis
2003;41:565–70.

62. Owada A, Suda S, Hata T. Antiproteinuric effect of niceritrol,
a nicotinic acid derivative, in chronic renal disease with
hyperlipidemia: a randomized trial. Am J Med
2003;114:347–53.

63. Gheith OA, Sobh MA, Mohamed Kel S, et al. Impact of
treatment of dyslipidemia on renal function, fat deposits and
scarring in patients with persistent nephrotic syndrome.
Nephron 2002;91:612–19.

64. van Dijk MA, Kamper AM, van Veen S, Souverijn JH, Blauw
GJ. Effect of simvastatin on renal function in autosomal
dominant polycystic kidney disease. Nephrol Dial Transplant
2001;16:2152–7.

65. Nakamura T, Ushiyama C, Hirokawa K, et al. Effect of
cerivastatin on proteinuria and urinary podocytes in patients
with chronic glomerulonephritis. Nephrol Dial Transplant
2002;17:798–802.

66. Nakamura T, Ushiyama C, Hirokawa K, Osada S, Shimada
N, Koide H. Effect of cerivastatin on urinary albumin
excretion and plasma endothelin-1 concentrations in type 2
diabetes patients with microalbuminuria and dyslipidemia.
Am J Nephrol 2001;21:449–54.

67. Imai Y, Suzuki H, Saito T, Tsuji I, Abe K, Saruta T. The effect
of pravastatin on renal function and lipid metabolism in
patients with renal dysfunction with hypertension and
hyperlipidemia. Pravastatin and renal function research
group. Clin Exp Hypertens 1999;21:1345–55.

68. Tonolo G, Ciccarese M, Brizzi P, et al. Reduction of albumin
excretion rate in normotensive microalbuminuric type 2
diabetic patients during long-term simvastatin treatment.
Diabetes Care 1997;20:1891–5.

69. Zhang A, Vertommen J, Van Gaal L, De Leeuw I. Effects of
pravastatin on lipid levels, in vitro oxidizability of non-HDL
lipoproteins and microalbuminuria in IDDM patients.
Diabetes Res Clin Pract 1995;29:189–94.

70. Lam KS, Cheng IK, Janus ED, Pang RW. Cholesterol-
lowering therapy may retard the progression of diabetic
nephropathy. Diabetologia 1995;38:604–9.

71. Hommel E, Andersen P, Gall MA, et al. Plasma lipoproteins
and renal function during simvastatin treatment in diabetic
nephropathy. Diabetologia 1992;35:447–51.

72. Sasaki T, Kurata H, Nomura K, Utsunomiya K, Ikeda Y.
Amelioration of proteinuria with pravastatin in hyper-
cholesterolemic patients with diabetes mellitus. Jpn J Med
1990;29:156–63.

73. Fried LF, Orchard TJ, Kasiske BL. Effect of lipid reduction on
the progression of renal disease: a meta-analysis. Kidney Int
2001;59:260–9.

74. Halimi JM, Giraudeau B, Vol S, et al. Effects of current
smoking and smoking discontinuation on renal function and
proteinuria in the general population. Kidney Int 2000;
58:1285–92.

75. Pinto-Sietsma SJ, Mulder J, Janssen WM, Hillege HL, de
Zeeuw D, de Jong PE. Smoking is related to albuminuria and
abnormal renal function in nondiabetic persons. Ann Intern
Med 2000;133:585–91.

141



PHARMACOTHERAPY  Volume 25, Number 1, 2005

76. Orth SR. Smoking and the kidney. J Am Soc Nephrol
2002;13:1663–72.

77. Gerstein HC, Mann JF, Pogue J, et al. Prevalence and
determinants of microalbuminuria in high-risk diabetic and
nondiabetic patients in the heart outcomes prevention
evaluation study. The HOPE study investigators. Diabetes
Care 2000;23(suppl 2):B35–9.

78. Fiore MC. U.S. Public Health Service clinical practice
guideline: treating tobacco use and dependence. Respir Care
2000;45:1200–62.

79. Tomar SL, Husten CG, Manley MW. Do dentists and
physicians advise tobacco users to quit? J Am Dent Assoc
1996;127:259–65.

80. Woller SC, Smith SS, Piasecki TM, et al. Are clinicians
intervening with their patients who smoke? A “real-world”
assessment of 45 clinics in the upper Midwest. Wis Med J
1995;94:266–72.

81. Goldstein MG, Niaura R, Willey-Lessne C, et al. Physicians
counseling smokers: a population-based survey of patients’
perceptions of health care provider-delivered smoking
cessation interventions. Arch Intern Med 1997;157:1313–19.

82. Cooper TM, Clayton RR. Nicotine reduction therapy and
relapse prevention for heavy smokers: 3-year follow-up. J Am
Dent Assoc 1990;Jan(suppl):S32–6.

83. Kennedy DT, Giles JT, Chang ZG, Small RE, Edwards JH.
Results of a smoking cessation clinic in community pharmacy
practice. J Am Pharm Assoc 2002;42:51–6.

84. Zillich AJ, Ryan M, Adams A, Yeager B, Farris K .
Effectiveness of a pharmacist-based smoking-cessation
program and its impact on quality of life. Pharmacotherapy
2002;22:759–65.

85. Molander L, Hansson A, Lunell E, Alainentalo L, Hoffmann
M, Larsson R. Pharmacokinetics of nicotine in kidney failure.
Clin Pharmacol Ther 2000;68:250–60.

86. GlaxoSmithKline Pharmaceuticals. Zyban (bupropion
hydrochloride) package insert. Research Triangle Park, NC;
2004. Available from http://www.gsk.com/products/assets/
us_zyban.pdf. Accessed June 19, 2003.

87. Hsu CY, McCulloch CE, Curhan GC. Epidemiology of
anemia associated with chronic renal insufficiency among
adults in the United States: results from the third national
health and nutrition examination survey. J Am Soc Nephrol
2002;13:504–10.

88. Owen WF Jr. Patterns of care for patients with chronic kidney
disease in the United States: dying for improvement. J Am Soc
Nephrol 2003;14:S76–80.

89. Radtke HW, Claussner A, Erbes PM, Scheuermann EH,
Schoeppe W, Koch KM. Serum erythropoietin concentration
in chronic renal failure: relationship to degree of anemia and
excretory renal function. Blood 1979;54:877–84.

90. Jungers PY, Robino C, Choukroun G, Nguyen-Khoa T, Massy
ZA, Jungers P. Incidence of anaemia and use of epoetin
therapy in pre-dialysis patients: a prospective study in 403
patients. Nephrol Dial Transplant 2002;17:1621–7.

91. Foley RN .  Anaemia: cardiovascular adaptations and
maladaptive responses in chronic kidney disease. Nephrol
Dial Transplant 2002;17(suppl 11):32–4.

92. Levin A, Singer J, Thompson CR, Ross H, Lewis M.
Prevalent left ventricular hypertrophy in the predialysis
population: identifying opportunities for intervention. Am J
Kidney Dis 1996;27:347–54.

93. Foley RN, Parfrey PS, Harnett JD, et al. Clinical and
echocardiographic disease in patients starting end-stage renal
disease therapy. Kidney Int 1995;47:186–92.

94. Foley RN, Parfrey PS, Harnett JD, Kent GM, Murray DC,
Barre PE .  The impact of anemia on cardiomyopathy,
morbidity, and mortality in end-stage renal disease. Am J
Kidney Dis 1996;28:53–61.

95. Moreno F, Aracil FJ, Perez R, Valderrabano F. Controlled
study on the improvement of quality of life in elderly
hemodialysis patients after correcting end-stage renal disease-
related anemia with erythropoietin. Am J Kidney Dis
1996;27:548–56.

96. Stivelman JC. Benefits of anaemia treatment on cognitive
function. Nephrol Dial Transplant 2000;15(suppl 3):29–35.

97. Evans RW, Rader B, Manninen DL. The quality of life of
hemodialysis recipients treated with recombinant human
erythropoietin. Cooperative multicenter EPO clinical trial
group. JAMA 1990;263:825–30.

98. National Kidney Foundation. K/DOQI clinical practice
guidelines for anemia of chronic kidney disease: update 2000.
Am J Kidney Dis 2001;37(suppl 1):S182–238.

99. Valderrabano F, Horl WH, Macdougall IC, Rossert J,
Rutkowski B, Wauters JP. Pre-dialysis survey on anaemia
management. Nephrol Dial Transplant 2003;18:89–100.

100. Joy MS. Darbepoetin alfa: a novel erythropoiesis-stimulating
protein. Ann Pharmacother 2002;36:1183–92.

101. Singbartl G. Adverse events of erythropoietin in long-term
and in acute/short-term treatment. Clin Investig 1994;72:
S36–43.

102. Block GA, Hulbert-Shearon TE, Levin NW, Port FK.
Association of serum phosphorus and calcium x phosphate
product with mortality risk in chronic hemodialysis patients:
a national study. Am J Kidney Dis 1998;31:607–17.

103. Keith DS. Re-evaluating our approach to calcium and
phosphorus management in dialysis patients. Am J Kidney
Dis 2001;37:1331–3.

104. Ganesh SK, Stack AG, Levin NW, Hulbert-Shearon T, Port
FK. Association of elevated serum PO(4), Ca x PO(4)
product, and parathyroid hormone with cardiac mortality risk
in chronic hemodialysis patients. J Am Soc Nephrol
2001;12:2131–8.

105. Blacher J, Guerin AP, Pannier B, Marchais SJ, London GM.
Arterial calcifications, arterial stiffness, and cardiovascular
risk in end-stage renal disease. Hypertension 2001;38:
938–42.

106. Raggi P, Boulay A, Chasan-Taber S, et al .  Cardiac
calcification in adult hemodialysis patients: a link between
end-stage renal disease and cardiovascular disease? J Am Coll
Cardiol 2002;39:695–701.

107. Eknoyan G, Levin A, Levin NW, for the National Kidney
Foundation. Bone metabolism and disease in chronic kidney
disease. Am J Kidney Dis 2003;42(suppl 3):1–201.

108. U.S. Preventive Services Task Force. Aspirin for the primary
prevention of cardiovascular events: recommendation and
rationale. Ann Intern Med 2001;136(2):157–60.

109. Bridges CB, Harper SA, Fukuda K, Uyeki TM, Cox NJ,
Singleton JA .  Prevention and control of influenza:
recommendations of the Advisory Committee on Immuni-
zation Practices (ACIP). MMWR Recomm Rep 2003;52(RR-
8):1–34.

110. Anonymous. Prevention of pneumococcal disease: recom-
mendations of the Advisory Committee on Immunization
Practices (ACIP). MMWR Recomm Rep 1997;46(RR-8):1–24.

111. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A
more accurate method to estimate glomerular filtration rate
from serum creatinine: a new prediction equation.
Modification of diet in renal disease study group. Ann Intern
Med 1999;130:461–70.

112. Cockcroft DW, Gault MH. Prediction of creatinine clearance
from serum creatinine. Nephron 1976;16:31–41.

113. Borenstein JE, Graber G, Saltiel E, et al. Physician-
pharmacist comanagement of hypertension: a randomized,
comparative trial. Pharmacotherapy 2003;23:209–16.

114. Solomon DK, Portner TS, Bass GE, et al. Clinical and
economic outcomes in the hypertension and COPD arms of a
multicenter outcomes study. J Am Pharm Assoc 1998;38:
574–85.

115. Sadur CN, Moline N, Costa M, et al. Diabetes management
in a health maintenance organization: efficacy of care
management using cluster visits. Diabetes Care 1999;22:
2011–17.

116. Kelley KW, Ramsey LA, Rochester CD, Hood EH, Harrell
TK. Management of type 2 diabetes: comparison of a specialty
clinic and an internal medicine resident clinic. Presented at
the 36th annual American Society of Health-System

142



CARING FOR PATIENTS WITH CHRONIC KIDNEY DISEASE  Zillich et al

Pharmacists midyear clinical meeting, New Orleans, LA,
December 2–6, 2001.

117. Wong T, Foote EF, Lefavour GS, Cody RP, Brown CJ,
Sherman RA. Physician knowledge and practice patterns
relating to diabetic nephropathy. J Am Pharm Assoc
1999;39:785–90.

118. Silverberg DS, Wexler D, Blum M, et al. The effect of
correction of anaemia in diabetics and non-diabetics with
severe resistant congestive heart failure and chronic renal
failure by subcutaneous erythropoietin and intravenous iron.
Nephrol Dial Transplant 2003;18:141–6.

119. Kuriyama S, Tomonari H, Yoshida H, Hashimoto T,
Kawaguchi Y, Sakai O. Reversal of anemia by erythropoietin
therapy retards the progression of chronic renal failure,
especially in nondiabetic patients. Nephron 1997;77:176–85.

120. London R, Solis A, Goldberg GA, Wade S, Ryu S. Health
care resource utilization and the impact of anemia
management in patients with chronic kidney disease. Am J
Kidney Dis 2002;40:539–48.

121. To LL, Stoner CP, Stolley SN, Buenviaje JD, Ziegler TW.
Effectiveness of a pharmacist-implemented anemia
management protocol in an outpatient hemodialysis unit. Am
J Health-Syst Pharm 2001;58:2061–5.

122. Ueoka J, DiBernardo JD, Calescibetta CC, Hill TR .
Pharmacist managed subcutaneous erythropoietin dose
adjustment program in an outpatient hemodialysis unit.
Presented at the 35th annual American Society of Health-
System Pharmacists midyear clinical meeting, Las Vegas, NV,

December 8–12, 2000.
123. Buenviaje JD, To LL, Stoner CP, Stolley SN, Ziegler TW.

Pilot study of an anemia management protocol at VA San
Diego Healthcare System. Presented at the 35th annual
American Society of Health-System Pharmacists midyear
clinical meeting, Las Vegas, NV, December 8–12, 2000.

124. Qin M, Patel PB, Bach DS. Impact of pharmacy services in
the end-stage renal disease patient. Presented at the 33rd
annual American Society of Health-System Pharmacists
midyear clinical meeting, Las Vegas, NV, December 6–10,
1998.

125. Anonymous. Pharmacist-run program optimally manages
secondary hyperparathyroidism. Formulary 1998;33:1217–18.

126. Paris W, Dunham S, Sebastian A, Jacobs C, Nour B.
Medication nonadherence and its relation to financial
restriction. J Transpl Coord 1999;9:149–52.

127. Lowe CJ, Raynor DK, Purvis J, Farrin A, Hudson J. Effects of
a medicine review and education programme for older people
in general practice. Br J Clin Pharmacol 2000;50:172–5.

128. Williford SL, Johnson DF. Impact of pharmacist counseling
on medication knowledge and compliance. Mil Med
1995;160:561–4.

129. Cleary DJ, Matzke GR, Alexander AC, Joy MS. Medication
knowledge and compliance among patients receiving long-
term dialysis. Am J Health-Syst Pharm 1995;52:1895–900.

130. Weiner S, Dischler J, Horvitz C. Beyond pharmaceutical
manufacturer assistance: broadening the scope of an indigent
drug program. Am J Health-Syst Pharm 2001;58:146–50.

143


