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ABSTRACT

Chronic kidney disease (CKD) is a significant public health
problem: every year the number ofAmericans livingwithCKD
and requiring renal replacement therapy increases. In addition,
individuals with CKD have substantially increased morbidity
and mortality compared to the general population. The
Longitudinal Chronic Kidney Dialysis (LCKD) Study is a
multicenter, prospective, observational study of patients with
moderate to severe CKD that was designed to better describe
the course of the disease and the determinants of patient

outcomes. Patients with moderate to severe CKD (glomerular
filtration rate [GFR] < 60 ml/min/m2) from four academic
nephrology clinics were enrolled between 2000 and 2002.
Special cardiac and vascular testing has recently commenced as
phase II of this study. Areas that have been or are currently
being studied include anemia management, health-related
quality of life (HRQOL), medication use, and markers of
cardiovascular disease. This article describes the LCKD Study
in the context of current knowledge of CKD.

The incidence and prevalence of both chronic kidney
disease (CKD) and end-stage renal disease (ESRD)
continue to increase; kidney disease is a burden to
patients and their families and is costly to the health
care system. In addition, patients with CKD have a
mortality rate significantly higher than the general
population (1). Data from the National Health and
Nutrition Examination Survey estimate that more than
7 million Americans have a glomerular filtration rate
(GFR) less than 60 ml/min/1.73 m2 and 700,000
individuals have a GFR < 30 ml/min/1.73 m2 (2). In
2001 more than 96,000 patients developed ESRD; the
incidence rate (per million) of ESRD has been steadily
increasing over the last two decades and by about 5%
per year over the past 5 years (1). Diabetes remains the
most common etiology of renal failure, accounting for
nearly 45% of patients who start dialysis. Hypertension
is the second most frequent cause of ESRD, followed
by glomerulonephritis and cystic kidney disease (1).

There is significant evidence that better control of
blood pressure, especially with the use of angiotensin-
converting enzyme (ACE) inhibitors, can delay the
need for dialysis, both among diabetic and nondiabetic
CKD patients (3–5). There is also support for the
notion that optimal pre-ESRD care can lead to health-
ier patients starting dialysis in a more elective fashion,
with fewer hospital days and lower morbidity (6).
The Renal Research Institute (RRI) sponsored the

Longitudinal ChronicKidneyDisease (LCKD) Study in
the year 2000. The chief purpose of this study was to
prospectively follow a cohort of patients with CKD in
order to better understand the course of disease and
determinants of patient outcomes. This article describes
the LCKD study in the context of current knowledge
about CKD, highlights several important areas being
studied with data available from this cohort, and des-
cribes new data that are currently being collected, parti-
cularly cardiovascular disease-related parameters and
potential biomarkers of disease that merit further study.

Background

Patients on dialysis represent only a small subset of
patients with impaired renal function; many more
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patients with renal disease will never progress to
ESRD—nonetheless, they too have substantially
increased mortality risk (1). Many other patients are
referred to a nephrologist late in the course of their
disease, or may even first present to an emergency room
with advanced uremic symptoms. This is unfortunate, as
late referral has consistently been associated with poor
outcomes in patients with CKD (7–9). Although stand-
ards of care for patients with CKD have been developed
(10,11), it remains uncertain what factors may influence
positive outcomes. It is still unclear whether the modi-
fication of baseline characteristics, such as nutritional
status or anemia, can improve morbidity and mortality.
Similarly, although certain interventions such as blood
pressure and glycemic control are widely accepted, other
factors or practice patterns associated with slower
progression of disease and improved quality of life
(QOL) remain to be better defined. Research looking at
CKD and improving management prior to the initiation
of dialysis is therefore receiving the attention it deserves
both in the United States and elsewhere (12–14).

Anemia Management in the CKD Population

Anemia is a well-recognized and frequent complica-
tion of CKD. A body of literature supports the use of
anemia treatment in the pre-ESRD population as a
means to improve exercise capacity, employment status,
QOL, andmortality. The beneficial effect of treatment of
anemia on mortality appears to be sustained even after
the initiation of dialysis (15,16). Despite these demon-
strated benefits, 79% of patients reach ESRD with a
hemoglobin of less than 11 g/dl and only 22%of patients
receive erythropoietin (EPO) prior to beginning dialysis
(Dialysis Outcomes and Practice Patterns Study
[DOPPS], unpublished data).

Health-Related Quality of Life (HRQOL) in CKD

Standardized instruments exist that are routinely used
to assess aspects of HRQOL among patients with
chronic illness (17). A recent example of the use of
HRQOL assessment in CKD patients can be seen in the
African American Study of Kidney Disease and Hyper-
tensionTrial (AASK) (18).HRQOLwasmeasuredusing
the often-used and well-validated SF-36 health survey
(19,20) in more than 1000 African Americans with mild
to moderate CKD (mean GFR 46 ml/min). In this
population,while physical components ofHRQOLwere
lower when compared with the general population,
mental components of HRQOL were similar to the
general population.
Aside from the self-explanatory utility of striving to

maximize QOL for the sake of individual patients, QOL
can also be used as an indicator of the impact of disease
burden. CKD patients with low QOL scores are at
increased risk for hospitalization and death compared to
those with higher QOL scores (21). In addition, patients
with CKD also have a high comorbidity burden that
affects physical and emotional outcomes. It is, however,
not yet well understood what factors contribute to the
global state termed ‘‘quality of life.’’ Studies of incident

dialysis patients show high levels of depression, poor
QOL, and a high incidence of anemia and malnutrition
(22,23). These descriptions of patients starting dialysis so
far from optimal mental and physical health is an
ongoing reminder that more attention needs to be
focused on the issue of HRQOL in CKD.

Cardiovascular Disease in CKD

There is a disproportionate burden of cardiovascular
disease in patients with ESRD: these patients have a risk
of cardiovascular mortality that is 15 times higher than
the general population (24). Cardiovascular disease
accounts for more than 50% of all deaths in ESRD
patients. According to 1998 U.S. Renal Data System
(USRDS) data, 40% of patients who initiate dialysis
have evidence of coronary artery disease based on
medical record evidence alone and only 15% have
normal left ventricular function (25). It is speculated that
progression of CKD is inextricably linked to the
progression of cardiovascular disease in these patients.
This is clearly an area worthy of further investigation.
If true, improved management of either condition could
impact the progression of the other, possibly leading to
more efficient and effective treatment.

Study Hypotheses

The LCKD Study was designed to test the following
questions and related hypotheses:
• What are the factors associated with progression or
stability of renal function in the outpatient setting?

• What are the outcomes of patients with CKD
followed in the setting of nephrologyoutpatient clinics
and what are the correlates of these outcomes?

• Among those patients that reach dialysis, what factors
determine the choice of modality for renal replace-
ment?

• What is the frequency of ‘‘healthy start’’ of dialysis
andwhat are its outcomes compared to ‘‘conventional
start’’?

• What is the magnitude of cardiovascular disease
burden in CKD in relation to baseline renal function,
and does progression of renal disease correlate with
progression of cardiovascular disease determined
noninvasively?

Study Methods

The LCKD Study is a prospective, observational
study of patients with moderate to severe CKD
(GFR < 50ml/min/1.73m2;CKDstages III–V; dialysis
and transplant patients are not included). The partici-
pants are drawn from four academic nephrology centers:
University of Michigan, University of North Carolina,
Medical College of Albany, and a Yale University-
affiliated program. The institutional review boards of the
participating centers approved the protocol and all study
subjects provided written informed consent. The Uni-
versity of Michigan is the data coordinating center, and
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all statistical analyses are being carried out at theKidney
Epidemiology and Cost Center, Ann Arbor, MI. In
October 2000, data from the LCKDstudywere linked to
theStudyofTreatment forRenal Insufficiency:Dataand
Evaluation (STRIDE) Registry (12) in order to extend
this observational study to a number of nephrology
practices around the country. Data collection instru-
ments for the two studies are identical with the exception
of QOL data collection methods. QOL data collection
forms were completed by patients directly in the LCKD
and administered by telephone interview in the STRIDE
Registry.
The LCKD study is being conducted in two phases.

Phase I followed 622 patients who enrolled between June
2000 and March 2002. Patients seen in the renal clinics
at participating centers with an estimatedGFR £ 50ml/
min/1.73 m2 using the modified Modification of Diet in
Renal Disease (MDRD) Study equation (26) at two
separate measurements were invited to participate in the
study. Requiring two determinations at least 1 month
apart was intended to ensure exclusion of patients who
have transient impairment of renal function. This design
also allowed inclusion of patients with both timely
referral and late referral (i.e., advanced CKD). Partici-
pation in this study does not dictate any specific aspects
of care, rather its observational nature allows investiga-
tors to look for a correlation between the care that is
provided and outcomes of interest. At the time of
enrollment, patients filled out the SF-36 questionnaire
and did so annually thereafter.
Data were abstracted from the medical records by the

research coordinators for the initial enrollment visit,
including details on comorbidities and medications. In
addition, to ensure that data were available for each
patient from the time of referral to the nephrology clinic,
datawere abstracted from the clinic visitwhen thepatient
wasoriginally referred to the renal outpatient clinic.Data
from follow-up visits were collected by way of a follow-
up questionnaire that recorded any events of significance
since the previous visit to the clinic (such as new
symptoms, outpatient procedures, or hospitalizations),
laboratory data, and medication changes. Follow-up is
planned through at least 2004.Demographic and clinical
characteristics of study participants are described in
Tables 1–4.
Phase II of this study began in January 2003 with the

availability of additional funding from the RRI. The
chief aim of phase II is to recall sequentially as many
patients as possible from the original cohort to enable
the investigators at each site to carry out noninvasive
cardiovascular studies and collect blood and urine for
biomarker studies. At two of the four sites (University of

Michigan and University of North Carolina), this
testing is being done in the setting of the site’s General
Clinical Research Center. It is envisaged that at least 450
patients will enroll in the follow-up cardiac studies. A
follow-up cardiac study visit will be organized for each
participant 1 year after the first. Meanwhile their clinic
follow-up visits will continue to be monitored as in
phase I. All data analyses are being conducted at the
Kidney Epidemiology and Cost Center, University of
Michigan, Ann Arbor, MI.

Preliminary Study Results and Ongoing Projects
with the LCKD Study

Correlates of GFR at Enrollment

Variation in the patient’s GFR at enrollment may
simply reflect a variation in referral practice patterns,
but may also be associated with burden of disease
comorbidity. We describe the distribution of GFR for
patients at enrollment (Table 2). To test the hypothesis
that patients with the highest GFR are actually
referred to the clinic early due to other complications
or comorbidities, such as congestive heart failure,
rather than as a practice pattern indicating earlier
referral per se, linear regression was used to evaluate
possible correlates of enrollment GFR. In preliminary
studies, models adjusted for age, race, sex, diabetes,

TABLE 1. Patients enrolled (June 13, 2000–March 1, 2002)

Site N

All 622
University of Michigan 249
Albany Medical Center 95
New Haven, CT 133
University of North Carolina 145

TABLE 2. Patients by CKD stage (GFR range)

Dialysis Outcomes Quality Initiative (DOQI)
GFRa stage N Percent

Stage 5 (<15 ml/min/1.73m2) 111 20%
Stage 4 (15–29 ml/min/1.73m2) 325 58%
Stage 3 (30–59 ml/min/1.73m2) 126 22%
Stage 2 (60–89 ml/min/1.73m2) 2 <1%

aGFR calculated at enrollment by modified MDRD equation
(26).

TABLE 3. Cause of CKD or ESRD

Cause
LCKD
Study N

USRDS 2000a

Percent Percent

Diabetes 205 35% 45%
Hypertension 151 26% 27%
Glomerulonephritis 49 8% 9%
Polycystic kidney disease 29 5% 2%

a2002 USRDS Annual Data Report, Table C.11.

TABLE 4. Patient characteristics

Patient characteristics All patients (n ¼ 622)

Mean age (years) 60.4
White 75%
Male 56%
Diabetes 38%
CAD 27%
Mean hemoglobin 11.8 g/dl
Mean albumin 3.8 g/dl
Mean GFR 23.2 ml/min

Perlman et al.420



hemoglobin, and serum albumin showed enrollment
GFR to be correlated with hemoglobin but not with
albumin.

Progression of Renal Disease

Several interventions and patient factors can modify
the rate of progression of CKD. Medical interventions
include dietary prescription, blood pressure control,
angiotensin-converting enzyme (ACE) inhibition, and
the treatment of anemia, hyperparathyroidism, hyper-
phosphatemia, hyperlipidemia, and hyperglycemia.
Patient factors include the etiology of underlying renal
disease, social support, level of education, age, sex,
race, and degree of compliance. Progression of renal
disease in this study cohort is being explored for
purposes of analysis as the absolute change in GFR
from baseline to latest follow-up, change in GFR per
month, slope of GFR change, and slope of GFR
change divided by mean GFR. It has been recognized
that a substantial number of patients are ‘‘nonprogres-
sors.’’ Predictors of progression versus nonprogression
are being identified in currently ongoing analyses from
this cohort.

Anemia Management

The correction of anemia in CKD patients is likely to
impact QOL, morbidity, and mortality. The investiga-
tors have sought to identify factors associated with
various aspects of anemia management. Descriptive
statistics and logistic regression have been used to
examine predictors of EPO and iron use. The prevalence
of anemia (hemoglobin < 11 g/dl) was 34% overall.
When compared to patients with normal hemoglobin
levels (n ¼ 332), anemic patients were more likely to
have lower albumin and lower GFR (p < 0.0001). EPO
use among anemic patients was only 20% and iron was
prescribed in only 24% of the anemic patients. In
multivariate analyses (n ¼ 332), patients who were
diabetic or had cardiac disease, low GFR, or low
albumin were more likely to receive EPO. In addition,
a strong center effect was noted even among the four
academic centers studied, suggesting a difference in
practice patterns (27).

Medication Use

Data regarding the actual use of various medications
in patients with CKD are incomplete. Thus the patterns
seen in this cohort will be an asset to further study. At
enrollment, these CKD patients were taking an average
of 7 ± 4medications (range 1–20). Themost commonly
used class of drugs was ACE inhibitors (53%) followed
closely by b-blockers (52%). Other commonly used
drugs or classes of drugs are angiotensin receptor
blockers (22%), EPO (30%), aspirin (40%), statins
(17%), and iron (16%).GFR, albumin, and hemoglobin
were identified as predictors of EPO use using logistic
regression. Subsequent studies will evaluate the associ-
ation of medication use with disease categories and
outcomes (28).

Qol

Quality of life was assessed with the SF-36 health
survey, a validated tool to measure health-related QOL
(17), both at baseline and at follow-up.We hypothesized
that the degree of renal insufficiency, level of anemia, and
nutritional status as measured with albumin would all
influence patient-reported QOL. This study has investi-
gated the association of eight major QOL scales and two
summary scores with hemoglobin, albumin, and GFR
using linear regression adjusted for age, race, sex, and
diabetes. BaselineGFRwas not a significant predictor of
QOL in this cohort. Baseline hemoglobin and albumin
were correlated with QOL, indicating that anemia and
nutritional and/or inflammatory status may influence
QOL in CKD patients more than GFR does (29).
Follow-up QOL data has allowed us to determine

whether, in this cohort, changes in GFR, albumin, and
hemoglobin are associated with changes in QOL.
Logistic regression was used to determine whether there
were significant differences between patients where
follow-up QOL data was available versus those where
it was not available with respect to age, race, sex,
diabetes, coronary artery disease, and EPO use and
t-tests were performed to compare the mean scores
between these two groups. Univariate analysis was used
to determine the relationship between change in QOL
over time and biochemical markers. Linear regression
was used to evaluate predictors of change in QOL
adjusted for age, race, sex, diabetes, EPO use, average
QOL, and incremental change inGFR, hemoglobin, and
albumin. Although there is a common assumption that
QOL depends on the degree of renal function, this was
not the case in this cohort. By most measurements in the
SF-36, DGFR was not correlated with DQOL in the
rangeofGFRs studied. Inaddition, this study shows that
changes in QOL may be influenced by changes in
hemoglobin and albumin (30).

Cardiovascular Studies and Biomarker Studies

In phase II of the LCKD Study, patients from the
original cohort are being invited to participate in the
cardiovascular component of the study. To analyze
the progression of cardiovascular disease, cardiovascular
testing will be done on two occasions 1 year apart. The
following noninvasive tests are being performed: echo-
cardiogram for left ventricular dimensions and function,
flow-mediated vasodilation to assess endothelial func-
tion, pulse wave velocity for the assessment of vascular
compliance, 24-hour Holter monitoring to assess heart
rate variability, caroid intima-media thickness and
plague area as a surrogate atherosclerosis and spiral
computed tomography to quantify the degree of coron-
ary calcification. In addition, blood and urine samples
are being collected and stored for future biomarker
studies and genetic testing.A centralized cardiac core has
been established at the University of Michigan in close
collaboration with the Department of Cardiovascular
Medicine. A manual of operations has been created and
all site personnel have been trained in the collection of
cardiovascular data by similar techniques for quality
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assurance and comparability of data. Periodic visits by
personnel from the cardiac core ensure uniform stand-
ards of data collection at all sites.

Conclusion

The LCKD Study has allowed investigators to
prospectively follow a cohort of patients with renal
disease. In analyzing data from patients from four
academic centers wewill be able to describe issues related
to the progression of CKD as well as the associated
cardiovascular disease. In addition, related topics such as
mortality, hospitalization and ESRD outcomes, anemia
management, medication and resource utilization, and
QOL are also being studied. Despite recently published
expert consensus opinions, the treatment of renal disease
remains highly influenced by local prescribing and
treatment patterns.
The LCKD Study along with the STRIDE Registry

(12) and the more recently initiated NIH sponsored
CRIC Study (31) will provide rich epidemiological
insight into various aspects of CKD. These ongoing
studies are testimony to the high priority the renal
community places on the study of CKD prior to the
initiation of the renal replacement therapy. Longitudinal
cohort studies are not a substitute for randomized trials;
however, they provide a realistic picture of what actually
occurs in practice. In addition, via epidemiologic studies,
potential weaknesses in current treatment practices—for
example, the suboptimal management of anemia with
EPO and iron use and the underutilization of ACE
inhibitors—canbeobservedandbrought to the attention
of practitioners.
Future studies with the LCKD Study data include the

important issue of the timing of referral for vascular
access and the timing of initiating renal replacement
therapy. The patients in this CKD cohort may be
identified in other related databases after beginning
dialysis. It may be possible to link these data in order to
study early (i.e., pre-ESRD) determinants of later
(ESRD) success, health, and QOL. We are optimistic
the LCKD study will make significant contributions to
the field of CKD by identifying practice patterns
associated with better outcomes and by generating
hypotheses to be tested in future clinical trials, partic-
ularly with respect to reducing the burden and progres-
sion of both renal disease and cardiovascular disease.
This study will therefore become an asset toward further
understanding the determinants of successful CKD
management.
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