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Abstract. The African American Study of Kidney Disease and
Hypertension (AASK) is a multicenter randomized clinical
trial designed to test the effectiveness of three anti-hyperten-
sive drug regimens and two levels of BP control on the pro-
gression of hypertensive kidney disease. Participants include
African-American men and women aged 18 to 70 yr who have
hypertensive kidney disease and GFR between 20 and 65
ml/min per 1.73 m2. The three anti-hypertensive drug regimens
include an angiotensin converting enzyme inhibitor (ramipril),

a dihydropyridine calcium channel blocker (amlodipine) or a
beta-blocker (metoprolol) as initial therapy. The BP control
levels are a lower goal (mean arterial pressure, �92 mmHg)
and a usual goal (mean arterial pressure, 102 to 107 mmHg
inclusive). The primary outcome is rate of change in renal
function as measured by GFR, assessed by 125 I-iothalamate
clearance. The main secondary patient outcome is a composite
including the following events: (1) reduction in GFR by 50%,
(2) end-stage renal disease, or (3) death.

The African American Study of Kidney Disease and Hyper-
tension (AASK) is a full-scale randomized clinical trial spon-
sored by the National Institute of Diabetes, Digestive and
Kidney Diseases (NIDDK) of the National Institutes of Health
(NIH). The AASK is investigating whether any of three BP
medication regimens or either of two levels of BP control can
slow the progression of kidney disease in patients with hyper-
tensive nephrosclerosis. AASK has randomized 1094 African-
Americans (AA) with hypertension and reduced renal function
(125I-iothalamate GFR 20 to 65 ml/min per 1.73 m2) at 21
clinical centers in 13 states across the United States.

Hypertensive nephrosclerosis has been reported to be the
second leading cause of renal failure in the United States and,
until recently, the leading cause of renal failure, or ESRD, in
AA (1,2). Over the last 20 yr, new anti-hypertensive medica-
tions have contributed to lower rates of mortality and morbidity
due to stroke and heart disease. However, the rate of ESRD due
to hypertension has continued to increase and remains higher in
AA than other subgroups in the United States (1,3). Although
AA make up only 12% of the US population, 28% of the
patients on hemodialysis are AA, and AA develop ESRD

(defined by the need for dialysis or transplantation) at a rate
four times greater than that for Caucasians (4). It is not clear
what accounts for increased susceptibility of AA to ESRD
(5–11). It is not entirely explained by the higher prevalence of
hypertension (12,13) or socioeconomic factors in the AA pop-
ulation (14).

It has been demonstrated that long-term BP control to rec-
ommended standards for controlling cardiovascular disease
with conventional anti-hypertensive medications (including
ganglionic blocking agents, reserpine, diuretics, vasodilators,
and beta-blockers) can help preserve renal function (15–21).
However, large-scale trials in patients with hypertensive renal
disease have generally not been designed to assess change in
renal function in relation to BP control, and have relied on
indirect estimates of GFR by serum creatinine concentration.

Two previous randomized trials (22,23) have examined the
effects of low BP goals similar to the lower goal of the AASK
on renal disease progression. The rationale for the lower BP
goal in the AASK was provided in part by a subgroup analysis
of 53 AA in one of these trials, the Modification of Diet in
Renal Disease (MDRD) Study, which suggested a benefit of
the lower BP goal in AA (22,24). However, the question of
whether controlling BP to levels below current standards fur-
ther slows the progression of renal disease in patients with
hypertension and renal insufficiency (25) has not been re-
solved. It is also unknown whether specific classes of anti-
hypertensive medications are more effective in slowing renal
disease progression in this population independent of their
effects on BP.
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The AASK Pilot was conducted with 94 patients at 11
clinical centers in 1992 to 1993 (26). The full-scale AASK is
being carried out in 21 clinical centers (see Appendix 1). The
clinical centers include all four of the historically AA medical
schools: Howard University, Martin Luther King-Drew Med-
ical College, Meharry Medical College, and the Morehouse
School of Medicine.

This report presents the design and statistical analysis plan
for the full-scale phase of the AASK. Special attention is given
to challenges for the analysis plan associated with the expec-
tation of differences between short- and long-term effects of
the interventions.

Materials and Methods
The AASK pilot study was conducted to document the feasibility

of meeting the study objectives and to evaluate study procedures (26).
Enrollment for the full-scale study began in March 1995, and 1094
patients were randomized between June 1995 and September 1998
(27). Patients will continue to be followed through September 2001.
In this 3 � 2 factorial trial, the three anti-hypertensive medication
regimens began with an angiotensin converting enzyme inhibitor
(ACEI: ramipril), a dihydropyridine calcium channel blocker (DH-
PCCB: amlodipine) or a beta-blocker (BB: metoprolol). The two
levels of BP control are a usual goal (mean arterial pressure [MAP]
102 to 107 mmHg), which corresponds to a BP of approximately
135/85 to 140/90 mmHg, or lower goal (MAP �92 mmHg), which
corresponds to a BP of approximately 115/80. Enrollment by random-
ized group is shown in Table 1. Fewer patients were enrolled into the
DHPCCB group because, as described later, the anticipated hemody-
namic effect of these agents on GFR increases the statistical power of
comparisons of the DHPCCB group compared with the other treat-
ment groups.

The usual goal reflects good BP control in an otherwise normal
hypertensive population. The low goal of MAP �92 mmHg is a lower
goal of unproven benefit. The lower limit of 102 mmHg in the usual
goal provides a minimum targeted separation between the two MAP
groups of 10 mmHg, and is intended to facilitate separation in
achieved BP between the lower and usual BP groups.

Investigators and participants are unblinded to the BP group as-
signment. Patients are seen at least every other month, and BP are
measured at each visit using random zero sphygmomanometers. If a
patient’s MAP is more than 5 mmHg over goal on two consecutive
visits, an extra visit is held.

Anti-Hypertensive Medications
Animal data suggest that both ACEI and CCB may provide reno-

protection independent of their effect on BP (28,29), and ACEI have
been shown to be renoprotective for patients with diabetic renal

disease (30,31). BB were selected as the reference to determine if
ACEI or DHPCCB are renoprotective in AA with hypertensive ne-
phrosclerosis, as there is less evidence for renoprotective effects of
BB than the other two agents. BB also inhibit renin release and
thereby lower intrarenal angiotensin II levels, but to a lesser extent
than ACEI.

The AASK intent is to test whether the randomized drug regi-
mens containing ACEI or DHPCCB better preserve renal function
in AA with renal insufficiency attributed to hypertensive renal
disease, independent of these drugs’ effects on BP. Patients are
randomized to one of the three blinded anti-hypertensive agents as
a first step in a stepped-care regimen of hypertensive medication.
At each visit, patients are prescribed either the low, medium, or
high dose of their blinded anti-hypertensive medication, and staff
members work to keep each patient’s BP within its assigned range
by increasing the dose of the blinded medication to the highest
level that does not put the patient below goal, by adding or
changing doses of the stepped-care regimens, or by using nonphar-
macologic therapy. AASK medication masking is accomplished
through a double-dummy system in which each patient takes one
tablet (either BB or placebo) and one capsule (either ACEI, DH-
PCCB, or placebo) each day.

The ACEI ramipril doses are 2.5 mg, 5 mg, or 10 mg and the BB
metoprolol doses are 50 mg, 100 mg, or 200 mg. For the DHPCCB
amlodipine, only two doses are used, but the blinding requires that
doses of 5 mg, 5 mg, and 10 mg be considered low, medium, and high,
respectively.

It was anticipated that additional anti-hypertensive medications
would be required to achieve the BP goals, especially the lower goal.
The AASK stepped-care system includes the following anti-hyperten-
sive medication steps: (1) diuretics (preferably furosemide); (2) alpha-
adrenoreceptor antagonists (preferably doxazosin); (3) centrally act-
ing alpha II agonist (preferably clonidine); and (4) vasodilator
(preferably minoxidil or hydralazine). The use of additional stepped-
care anti-hypertensive medications in the three anti-hypertensive
treatment arms was expected to be similar, although anti-hypertensive
requirements were expected to be greater in the lower than the usual
BP group. When clinically possible, the drugs are added step by step,
with each step maximized before adding the next step. Study coordi-
nators and a study-wide Adherence Committee work to promote
adherence by counseling patients and providing feedback on BP level
attained and results of pill counting. Pill counts are done at each
protocol visit.

Eligibility and the Patient Timeline
AA between 18 and 70 yr with presumed hypertensive chronic

renal disease and 125I-iothalamate GFR between 20 and 65 ml/min per
1.73 m2 were eligible to enroll in the AASK. This represents between
a 33% to 80% decline from normal renal function. From the AASK

Table 1. Enrollment by randomized group

Initial (Blinded) Therapy in Drug Regimen

Angiotensin converting
enzyme inhibitor (ACEI)

Beta-blocker
(BB)

Calcium channel
blocker (DHPCCB) Total

MAP goal MAP � 92 215 215 110 540
MAP 102 to 107 221 226 107 554
Total 436 441 227 1094
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pilot study, which included renal biopsies (26), it was determined that
hypertensive nephrosclerosis could be confirmed in this population
based on clinical grounds. Thus, biopsy evidence of hypertensive
nephrosclerosis was not sought for the full-scale study. Other eligi-
bility and exclusion criteria are shown in Table 2.

The majority of AASK participants were not private patients of
AASK investigators, but were identified through chart reviews, lab
data reviews, or referrals from outside physicians. Participants were
located through a variety of methods, including public appeals
through the media, and mass mailing of brochures. Recruitment

Table 2. Inclusion and exclusion criteria

Inclusion Criteria:
1. African-American men and women (including black individuals born in the Caribbean, Africa, Canada, etc.) age 18 to

70 years. Each center will attempt to include equal numbers of men and women, at least 1:3 of each.
2. Hypertension is defined as a sitting diastolic BP of 95 mmHg or more. The average of the last two of three consecutive

readings on a random zero sphygmomanometer machine at any visit is the level used. Hypertensive participants on anti-
hypertensive therapy at Baseline need only one qualifying clinic visit. Those not currently on medications at Baseline
must qualify on each of two consecutive clinic visits.

3. Reduced renal function, defined as a prerandomization (G1 visit) 125I-iothalamate GFR between 20 to 65 ml/min 1.73
per m2.

4. Willingness and ability to cooperate with the protocol.

Exclusion Criteria:
1. History of malignant or accelerated hypertension within 6 mo prior to study entry; previous chronic peritoneal or

hemodialysis or renal transplantation.
2. Known secondary causes of hypertension.
3. Any known history of diabetes mellitus type I and II, or fasting (8–12 h) glucose �140 mg/dl on two occassions, or

glucose �200 mg/dl on one occasion prior to randomization.
4. A ratio of urinary protein (mg/dl) to creatinine (mg/dl) exceeding 2.5 in a 24-h urine sample collected shortly before the

initial GFR visit. (This ratio is used as an estimate of � 2.5 g/d proteinuria without needing to factor for validity of the
collection.)

5. Clinical or renal biopsy evidence of any renal disease other than hypertensive nephrosclerosis. Persons with
arteriographically documented renal arterial atherosclerotic disease less than 50% stenosis of the renal artery should be
considered eligible for study participation if the principal investigator at the center feels the disease is not clinically
significant.

6. History of drug abuse in the past 2 yr, including narcotics, cocaine, or alcohol (�21 drinks/wk).
7. Serious systemic disease that might influence survival or the course of renal disease. (Chronic oral steroid therapy is an

exclusion, but steroid-containing nasal sprays are not. In active sarcoidosis is not an exclusion.)
8. Clinical evidence of lead intoxication.
9. Arm circumference �52 cm, which precludes measuring blood pressure with the “thigh” blood pressure cuff. Arm

length such that if the cuff that is appropriate for the arm circumference extends into the antecubital space so that the
cuff would interfere with placement of the stethoscope over the brachial artery for blood pressure measurement.

10. Clinical evidence of congestive heart failure, current or within the preceding 6 mn. Ejection fraction below 35%
measured by any method. Heart block greater than first degree or any other arrhythmia that would contraindicate the use
of any of the randomized drugs.

11. Reactive airway disease, current or in the preceding 6 mo requiring prescribed treatment for more than 2 wk.
12. Impairment or difficulty in voiding, precluding adequate urine collections.
13. Intake of nonsteroidal anti-inflammatory agents (NSAIDs) more than 15 d/mo, excluding aspirin. Inability to discontinue

NSAIDs or aspirin for 5 d prior to GFR measurement.
14. History of severe adverse reaction to any of the randomized drugs required for use in the protocol or contraindication of

their use.
15. Pregnancy or likelihood of becoming pregnant during the study period; lactation.
16. Serum potassium level �5.5 mEq/L at the SV2 and confirmed at G1 for those not on ACE inhibitors during baseline, or

serum potassium level �5.9 mEq/L at the SV2 and confirmed at G1 for those on ACE inhibitors during baseline.
17. Leukopenia �2,500/mm3 at SV2 and confirmed at the end of baseline.
18. Medically indicated need for any of the randomized drugs for any other reason (including angina pectoris, migraine,

arrhythmia).
19. Allergy to iodine.
20. Suspicion that the participant will not be able to adhere to medications or comply with the protocol visit schedule.
21. Participation in another intervention study.
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techniques have been described (27). The study protocol and consent
were approved by each clinical center’s Investigational Review
Board, and each patient signed an informed consent to enter the study.

Patients identified were first screened informally during conversa-
tions with AASK staff and then attended a formal screening, known
as the SV-2 visit at which eligibility criteria were systematically
checked. After this, a baseline period was held to confirm eligibility.
The baseline period included (1) BP medication back-titration visits
which continued until a patient’s diastolic BP was greater than 95
mmHg; (2) baseline laboratory and quality of life measures; and (3)
two GFR visits. The first GFR determined study eligibility.

Randomization
Data entry at each clinical center was accomplished by remote data

entry (over the Internet) into the AASK database, an Oracle database,
at the Data Coordinating Center (DCC). When all baseline data were
entered, the clinical center staff members could access the DCC
database to request a randomization assignment. The DCC programs
checked that a patient’s baseline data were complete, that eligibility
requirements had been met, and that a copy of the signature sheet of
the patient’s consent form had been received. The computer screen
then displayed the BP group to which the patient had been randomized
(usual or low) and the location of a pair of centrally supplied blinded
pill bottles (one with tablets and one with capsules) containing the
patient’s blinded medication and placebo. Locations for low, medium,
and high doses of medication were provided so that any dosage could
be selected and dosage could be switched at any time. The time from
SV2 to randomization ranged from 2 wk to 6 mo. Randomization
schedules were stratified by clinical center. Random permuted blocks
with randomly varying block sizes were utilized.

Follow-Up Visit Schedule
Soon after randomization, each participant received randomized

blinded drugs (visit FV-0). Participants were then seen at a minimum
of once a month for the first 6 mo and then at a minimum of once
every 2 mo thereafter. Additional interim visits are held as necessary
for BP control. At each visit, AASK-certified personnel measured
seated BP three times and standing BP once with a random zero (RZ)
sphygmomanometer. Pill counts of all anti-hypertensive medications
are done at every protocol visit. GFR is measured at 3, 6, and 12 mo,
and every 6 mo thereafter. Central serum measurements of sodium,
potassium, chloride, bicarbonate, urea nitrogen, glucose, creatinine,
total protein, albumin, aspartate transaminase, lactate dehydrogenase,
alkaline phosphates, total bilirubin, calcium, phosphorus, uric acid,
magnesium, gamma glutamyltransferase, total cholesterol, HDL cho-
lesterol, triglycerides, and LDL cholesterol were done every 6 mo.
Central 24-h urine measurements of urine protein, sodium, potassium,
creatinine, and urea nitrogen were also done every 6 mo. Fasting lipid
profiles and quality of life measurements (SF-36) were done annually.
Throughout follow-up, all medications each patient is taking were
logged into the database.

Clinical Centers and Central Facilities
Each clinical center is staffed with a physician PI, one or more

physician coinvestigators, a study coordinator, a data entry person, a
recruitment/adherence coordinator, a BP interventionist, and a GFR
technician. The amount of staffing varied and depended on recruit-
ment goals. One staff member often filled several roles. Each center
had a customized recruitment goal, which depended primarily on the
population of AA from which it could recruit.

Central facilities include the Data Coordinating Center (DCC) at
the Department of Biostatistics and Epidemiology at the Cleveland
Clinic Foundation, the Drug Distribution Center, the Central Bio-
chemistry Laboratory, and the Central GFR Laboratory. The DCC
coordinated training, documentation, database management, and de-
velopment of statistical plans, statistical analyses, quality control,
reports, and publications. The Drug Distribution Center from the
Department of Hospital Pharmacy at the Cleveland Clinic supervises
a drug encapsulator (Clinical Encapsulating Services) and a drug
packager (McKesson Bioservices). The Drug Distribution Center also
coordinated after-hours emergency unblinding through the Cleveland
Clinic’s Hospital Pharmacy.

Twenty-four-hour urine aliquots and serum samples are sent to the
AASK Central Biochemistry Laboratory in the Department of Labo-
ratory Medicine at the Cleveland Clinic for analysis and for storage of
afterthought specimens (annual urinalysis and complete blood count
(CBC) whole blood measures are done at each center’s local labora-
tory). AASK serum and urine specimens for measurement of renal
function are shipped to an AASK Central GFR Lab in the Department
of Hypertension and Nephrology at the Cleveland Clinic.

Quality Control
Quality control requirements for the AASK are specified in the

study protocol and carried out under the leadership of the AASK
Quality Control Committee and the DCC. All staff members were
trained and certified at the start of the study. Special Quality Control
systems were established for monitoring BP measurement, drug dis-
tribution, biochemistry, GFR and data quality control, and site visits
were performed.

BP Quality Control. AASK seated BP measurements are taken
after measurement for proper cuff size. A patient rests quietly for 5
min, pulse is taken, and steps for determining the random zero
sphygmomanometer’s peak inflation level and zero value are fol-
lowed. Protocol procedures are followed as seated BP is measured
three times. The average of the last two measures is considered the
AASK BP level.

Each of the 21 AASK Clinical Centers has a centrally trained BP
trainer, who is responsible for the overall BP measurement quality at
that center. The 21 trainers are recertified annually by a BP consultant.
The trainers are responsible for training and supervising anyone who
will measure BP at their centers. Quarterly quality control readings are
done with each BP measurer working side-by-side with the BP trainer.
The DCC provides the Quality Control Committee with various
measures of BP quality, including intratest coefficients of variation
and digit preference in the BP measurements and in the sphygmoma-
nometer’s zero values.

Drug Distribution Quality Control. At every visit at which
blinded drugs are dispensed, clinical centers enter into the database
random drug code numbers assigned by the DCC that are on the
bottles given to the patient. Database programs determine whether the
correct bottles were dispensed.

Biochemistry Quality Control. For quality control of the Cen-
tral Biochemistry Lab’s serum and urine measurements, the clinical
centers send split samples to the central lab twice annually. The lab
measures the second sample blinded, and the DCC compares the two
measurements for the Quality Control Committee.

GFR Quality Control. Central training and certification are
required for each person who will be measuring GFR on AASK
patients. A GFR consists of four “periods” of time, each of which
begins with a serum collection and ends with a urine collection. An
estimated GFR is calculated for each of the four periods; the AASK
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GFR is a weighted average of the GFR of the individual periods. The
DCC monitors various aspects of GFR quality, including the coeffi-
cient of variation of the four estimated GFR. Each clinical center’s
rate of missed GFR measurements is monitored by the Quality Con-
trol and Adherence Committees.

For quality control of the Central GFR Lab, the clinical centers
send split samples to the central GFR lab twice annually. The GFR lab
measures the second sample blinded to whose specimen it is, and the
DCC compares the results of the two GFR.

Data Quality Control. Data are entered at the clinical centers
and are double-entered, or rekey verified, at the clinical centers. Edit
checks are applied at the time of data entry and during data analysis.
The DCC and Quality Control Committee monitor time to data entry,
time to response to data discrepancy inquiries, and the time it takes the
DCC to correct data.

Site Visits. Each clinical center had at least two site visits: One
in the first 2 yr of the study focusing on recruitment issues and a
second visit, later in the study focusing on quality control. The
two-day quality control site visits consist of a brief data audit and a
detailed discussion of patient adherence, patient retention, protocol
adherence as to choice of anti-hypertensive agent, the clinical center’s
protocol adherence, achieved separation between BP groups, and
quality control.

Objectives of the AASK
Primary Outcome and Objectives

The primary objective of the AASK is to determine if the
low BP goal (compared with the usual BP goal) or the use of
a specific anti-hypertensive regimen reduces the mean rate of
change in GFR during follow-up. The primary analysis will
compare the rate of change in GFR between the following
treatment groups: (1) low versus usual BP goals; (2) ACEI
versus BB regimens; and (3) DHPCCP versus BB regimens.

Assuming comparable BP levels can be achieved within the
anti-hypertensive agent arms, comparisons (2) and (3) will
treat the BB arm as a control group to determine if the ACEI
or DHPCCB regimens have renoprotective effects independent
of BP level. The ACEI DHPCCB groups will also be directly
compared in secondary analyses. However, as described be-
low, this comparison is expected to be complicated by opposite
hemodynamic effects projected from the ACEI and DHPCCB
interventions. The study’s primary renal analysis considers
GFR slopes; the study’s main patient-outcome analysis con-
siders rates of renal events, which includes reduction in GFR
by 50%, reaching ESRD, or death.

Assessment of Renal Function for GFR Slope
Assessment of the effects of the AASK interventions is

complicated by the expectation that the interventions will have
differing hemodynamic effects on GFR during the first 3 mo
that the patient is on the intervention. These hemodynamic
effects are distinct from each intervention’s hypothesized long-
term effects on the progression of kidney disease. Past studies
have suggested that, initially, ACEI may reduce GFR by 2 to
6% (32–34), DHPCCB may increase GFR by 2 to 4% (35,36),
BB may reduce GFR by 1 to 2% (35,37), and the low BP goal
may reduce GFR by 2% (38). Some research suggests that the
initial hemodynamic effects persist as long as the patients

remain on their respective interventions and that, at least for
ACEI, the effect is reversible on termination of the therapy
(39,40).

Several possible scenarios for the comparison of mean
changes in GFR between treatment and reference groups are
presented in Figure 1. Scenario A represents expected compar-
isons of the BP goals (or the ACEI versus BB regimens) under
the research hypothesis of long-term beneficial effects of the
lower goal (or the ACEI regimen), following the expected
initial hemodynamic effects. Scenarios B and C are also con-
sistent with the research hypothesis of beneficial effects of
these interventions. In scenarios B and C, the planned AASK
follow-up of 3 to 6 yr is not sufficient for the hypothesized
long-term beneficial effects to overcome the regimens’ initial
hemodynamic effects. Scenarios D through F represent poten-
tial results for the DHPCCB versus BB comparison based on
the expected initial increase in GFR in the DHPCCB group.

To clarify these scenarios, we divided the follow-up period
into two phases. The acute phase consists of the first 3 mo after
randomization, during which hemodynamic effects are ex-
pected to occur. The chronic phase consists of the remainder of
follow-up after 3 mo. Two separate primary hypotheses are
stipulated for each of the three primary treatment group com-
parisons. In H01, there will be no difference between treatment
groups in the mean rate of decline in GFR during the chronic
phase. In H02, there will be no difference between the treat-
ment groups in the mean total rate of decline in GFR from
baseline to the end of follow-up (taken to be 4 yr).

The hypothesis H01 may be criticized because it pertains to
a change in the outcome variable starting 3 mo after random-
ization, when a patient’s renal function has already been mod-
ified by the randomized treatment. However, if the hemody-
namic effects persist while the patients remain on the
respective treatments, the rate of change in GFR during the
chronic phase should reflect the actual rate of disease progres-
sion independent of the hemodynamic effect.

By contrast, assessment of H02 is influenced by the initial
hemodynamic effect in addition to the long-term effects during
the chronic phase, and is thus dependent on the duration of the
study; it may not accurately reflect the long-term course of the
disease. Nonetheless, if the total mean rate of decline in GFR
from baseline to the end of the study is not different between
two treatment interventions, it is not clear that a difference in
the rate of change of GFR during the chronic phase alone
would provide convincing evidence that an intervention will
continue to slow a patient’s disease progression after the end of
the study and ultimately delay the onset of ESRD.

Therefore, the AASK will be regarded as conclusively es-
tablishing a benefit of one intervention over another only if
H01 and H02 are both rejected in the same direction. Thus,
Figure 1, A and D represent unambiguous cases where the
treatment would be declared beneficial; the remainder repre-
sent ambiguous scenarios where only one of H01 or H02 are
false, or where both H01 and H02 are false, but in opposite
directions.
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Primary Analysis
The primary analysis of GFR will be carried out using a

two-slope mixed-effects model (41,42) with different slopes in
the acute and chronic phases. The fixed-effects component
models the effects of the treatment groups on the mean GFR
slopes during the two phases, whereas the random-effects
component includes random intercepts, acute and chronic
slopes for each patient, plus random deviations of the individ-
ual GFR measurements. Linear splines are used so that the
regression lines in the acute and chronic phases join at 3 mo for
both the fixed and random effects. Contrasts between mean

slopes in the respective treatment groups will be used to test the
effects of the treatments on the acute and chronic slopes, and
on the total mean slope from baseline to 4 yr (48 mo). The total
mean GFR slope will be estimated for each treatment group as
the weighted average (3/48) �acute � (45/48) �chronic, where
�acuteand �chronic denote the mean slopes per month during the
acute and chronic phases, respectively.

The comparisons of the chronic slopes and the total mean
GFR slope to 4 yr will be used to test the primary hypotheses
H01 and H02. If the comparison of two treatment groups is
significant in the same direction for both the chronic and total

Figure 1. Possible scenarios for the comparison of two treatment groups. Shown are six alternative scenarios for the effects of a treatment
compared with a reference group on the mean change in GFR from baseline to 4 yr under the two-slope model. The chronic slope is depicted
by the slope from 3 mo (1/4 year) to 4 yr, and the total mean slope as the average rate of change from baseline to 4 yr. Panels A and D represent
definitive scenarios in which the comparisons between treatment groups of the mean chronic and total slopes are in agreement. The remaining
panels depict inconclusive scenarios in which the comparisons of the chronic and total means slopes are not in agreement.
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mean slopes, then we will conclude that the treatment group
with the less steep slopes is likely to ultimately delay the onset
of ESRD. To increase the precision of the estimated treatment
effects, the following variables, which are expected to be
associated with the GFR slopes, will be included as covariates:
age, gender, history of cardiovascular disease, baseline MAP,
baseline urine protein excretion, and clinical center. In accor-
dance with the factorial design, both main effects and interac-
tions between the BP level and anti-hypertensive agent factors
will be tested. However, qualitative interactions between the
treatment interventions are not expected, and it is recognized
that the power to detect an interaction and for comparing
individual cells should an interaction be detected will be lim-
ited. The primary analysis will be intent-to-treat, so that pa-
tients reaching stop points requiring modifications of their
study treatments will continue to be followed and retained in
their original randomized groups for analysis.

Multiple Hypothesis Tests and Interim Stopping
Six annual interim analyses are planned, including the final

analysis. Lan-DeMets spending functions (43) will be used to
maintain the total type I error rates at 5% separately for the
comparisons of chronic and total mean slopes for each of the
three primary treatment group comparisons. O’Brien-Fleming
(44) stopping boundaries will be used, with two-sided tests for
each comparison. The information fractions are obtained sep-
arately for the chronic and total mean GFR slopes by comput-
ing the ratio of the expected variance of the test statistic at the
final analysis to the variance at the current interim analysis.
The stopping rule stipulates that a treatment group comparison
may be terminated if the stopping boundary is crossed in the
same direction for both the chronic and total mean slopes.
Secondary analyses will also be considered in deciding
whether to terminate an intervention. If an intervention is
terminated, we expect to reassign the patients on the discon-
tinued intervention and to continue investigating the remaining
interventions.

Conditional power will be evaluated at each interim analy-
sis. Consideration will be given to terminating the study early
if the conditional probability of obtaining a conclusive result
(e.g., obtaining significance for the comparisons of both the
chronic slopes and the total change in GFR) is found to be low
for each of the three primary treatment group comparisons.

Hypothesis tests are carried out separately for H01 and H02

using comparisonwise two-sided significance levels of 5% for
each of the three primary treatment group comparisons. We
decided against using a multiple comparisons procedure for the
ACEI versus BB and DHPCCB versus BB comparisons be-
cause the potential renoprotective effects of ACEI and DH-
PCCB have different biologic mechanisms. Thus, these com-
parisons evaluate distinct hypotheses. Our requirement that the
comparisons of chronic and total mean slopes be separately
tested at the 5% significance level is conservative, because the
probability that the comparisons of chronic and total mean
slopes would both reach significance at the 5% level under the
joint null hypothesis H01 � H02 is less than 0.05. We decided
against relaxing the rejection criteria to obtain a joint signifi-

cance level of 5% because it was felt that both the comparisons
of chronic slopes and the total change in GFR must be signif-
icant at the 5% level to be convincing to the nephrology
community.

Time-To-Event Analyses
The potential ambiguities of the analysis of GFR slopes

illustrated in Figure 1 suggest that it might be advisable to
consider alternative outcomes based on hard clinical endpoints.
For studies of chronic renal disease, a logical choice is ESRD,
which occurs when GFR declines to 7 to 10 ml/min per 1.73
m2, at which point a renal transplant or artificial dialysis is
required to support life. However, the expected rate of ESRD
in the AASK is too low for this outcome alone to provide
sufficient power. As an alternative, a time-to-event analysis
will be conducted based on the following composite: (1) Re-
duction of GFR by 50% or by 25 ml/min per 1.73 m2 from the
mean of the two baseline GFR, confirmed by a repeat GFR; (2)
ESRD; and (3) death.

Time-to-event analyses based on the time to a prespecified
change in a marker of renal function have been used as the
primary analysis in previous clinical trials (30,31). Events such
as dialysis and death are considered to be “harder” endpoints
than GFR slope and thus potentially more relevant to the
patients involved. The time-to-event analysis will be carried
out using Cox-regression (45) with age, gender, history of
cardiovascular disease, baseline MAP, and baseline urine pro-
tein excretion included as covariates.

Assessments of Two-Slope Mixed Effects Model
The assumptions of the two-slope mixed effects model will

be examined (42). Potential deviations include nonlinearity of
the mean GFR decline during the chronic phase and misspeci-
fication of the random component of the model. The linearity
of the decline in mean GFR will be assessed by fitting multi-
slope spline models with changes in slope allowed at each
protocol GFR measurement. Possible misspecifications in the
random component will be assessed by comparing the variance
components of the random effects between the treatment
groups and other patient subgroups, evaluating alternative error
structures for the random effects, and by comparing the model-
based standard errors to robust sandwich-type standard errors.
If major deviations from the two-slope model are detected,
consideration will be given to generalizing the two-slope
model to incorporate them.

Informative Censoring
Patients may become lost to further GFR follow-up in the

AASK due to any of the following: (1) reaching ESRD, which
precludes further GFR measurements, (2) death, and (3) oth-
erwise dropping out and becoming lost to GFR follow-up.
Informative censoring will occur if the dropout times are
correlated with the GFR slopes conditionally on the treatment
factors, baseline covariates, and observed GFR. If the distri-
bution of dropout times differs between the randomized
groups, informative censoring may lead to biased estimates of
the treatment effects under the mixed effects model. The risk of
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informative censoring will be evaluated during the study by
carrying out statistical simulations of the potential bias result-
ing from the observed distributions of drop-out times in the
respective treatment groups. If the possibility of a substantial
bias is detected, we will consider implementing a random-
coefficient selection model (46) or a random-coefficient pat-
tern mixture model (47) to adjust for the censoring process in
the analysis.

Other Key Secondary Analyses
If the follow-up MAP level exhibits any difference between

the anti-hypertensive agent arms, we will repeat the analyses
comparing the anti-hypertensive agent groups after adding
follow-up MAP as a covariate to assess the renal protective
effects of the anti-hypertensive regimens independently of the
level of BP. The change in proteinuria from baseline and the
rate of cardiovascular hospitalization and death are secondary
outcomes. All cardiovascular events including cardiovascular
deaths and hospitalizations for myocardial infarctions, strokes,
heart failure, revascularization procedures, and other hospital-
ized cardiovascular events are reviewed and classified by a
blinded endpoints committee according to a prespecified
protocol.

Statistical Power
Statistical power was evaluated by statistical simulation for

a variety of scenarios based on published results on AA from
the Hypertension Detection and Follow-up Program trial (15)
and a study of AA with hypertensive nephrosclerosis com-
pleted shortly before the AASK trial (23), as well as patient
data from the AASK Pilot (26) and the MDRD Study (22,24)
which were available to the DCC. Table 3 presents the esti-
mated power based on a representative set of assumptions,
including: (1) A 3-yr uniform recruitment period with 3 yr of
further follow-up, yielding a total sample size of 1094; (2) the
initial decline in mean GFR from baseline to 3 mo is 2 ml/min
per 1.73 m2 greater for the lower than the usual BP group, 2
ml/min per 1.73 m2 greater for the ACEI than the BB group,
and 2 ml/min per 1.73 m2 less for the DHPCCB than the BB
group; (3) the between-patient SD of GFR slopes is 3.8 ml/min
per 1.73 m2 per yr, the within-patient variance of GFR is equal
to 0.67 of the patients current GFR value; (4) the rate of loss to
GFR follow-up is 4% per yr; (5) the rate of “cross-overs”
between treatment arms is 4% per yr; (6) the mean chronic
slope in the control groups for the respective comparisons (e.g.,
the BB group for the two anti-hypertensive agent comparisons,
and the usual goal for the BP comparison) is between �2 and

Table 3. Power of main AASK comparisonsa

Treatment Group
Comparison

Assumed Acute Effect
(ml/min per 1.73 m2

per 3 mo)b

Assumed Mean
Slope in Reference
Group (ml/min per
1.73 m2 per year)

Analysis Method

Chronic
Slope

Total Mean Slope from
Baseline to 4 yr Time-to-Event

Low versus usual
blood pressure goal

–4 99 71 87
–2 –3 95 42 78

–2 78 14 65

–4 99 99 99
0 –3 95 98 97

–2 78 86 91

ACEI vs. BB

–4 97 62 79
–2 –3 90 35 68

–2 69 12 55

–4 97 99 98
0 –3 90 95 93

–2 68 77 84

DHPCCB vs. BB

–4 88 99 98
�2 –3 76 99 95

–2 51 95 84

–4 88 92 91
0 –3 76 83 81

–2 51 60 68

a See text for other assumptions of power analysis.
b Assumed acute effects represent difference between projected mean change in GFR between baseline and 3 mo in the treatment group

and the reference group for each comparison.
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�4 ml/min per 1.73 m2 per yr; and (7) the death rate in the
control groups is 10% per 5 yr. The table presents the power of
the study to detect a 30% proportional reduction in GFR slope
in the treatment group for each of the three main comparisons,
with no effect assumed for patients with slopes greater than or
equal to 0. For comparison, power is provided for acute effects
of 0 in addition to the acute effects projected in assumption 2.
A sided significance level of 5% is used for each analysis. For
the time-to-event analysis, the mortality rate is also hypothe-
sized to be 20% lower in the treatment than in the control
groups.

Assuming a mean GFR slope of �4 ml/min per 1.73 m2 per
yr, the power for the primary treatment group comparisons
ranges from 88% to 99% for the analysis of chronic slopes, and
from 62% to 99% for the analysis of the total mean GFR slope.
Due to the assumption that the size of the treatment effect will
be proportional to the GFR slope in the control group, the
power of both the analysis of chronic slopes and especially the
total GFR slopes is reduced substantially if less steep mean
slopes are assumed (48). The power for the secondary time-
to-event analysis is also lower for the slower than for the faster
assumed mean progression rates, but the dependence of the
power of the time-to-event analysis on the mean slope is less
than for the analysis of GFR slopes. The power of the analysis
of total mean GFR slope is greater for the DHPCCB versus BB
comparison than the ACEI versus BB or the lower versus usual
BP goal comparisons due to the expectation of a positive initial
hemodynamic effect of DHPCCB on GFR, but a negative
initial hemodynamic effect for the other interventions. For this
reason, a smaller sample size was used in the DHPCCB group
than for the ACEI and BB groups.

Discussion
AA have a higher prevalence of hypertension than Cauca-

sians, and if hypertension is present, are more likely to develop
renal insufficiency (49). Once renal insufficiency is present,
AA with hypertension have a more rapid rate of decline in
renal function than Caucasians (15,50,51). Thus, identifying
interventions that slow the decline in renal function in AA with
hypertensive nephrosclerosis represents an important health-
care priority.

Although nonrandomized studies have suggested that lower
BP preserves renal function in persons with hypertension (52),
the absence of randomization to a specific BP goal makes the
data difficult to interpret. The patients with lower or higher
achieved BP may have other variables present that account for
observed outcomes (e.g., milder hypertension or other deter-
minants of renal disease progression). In the AASK, partici-
pants were randomly assigned to one of two BP goals, thus
reducing confounding factors. The biopsies performed in the
pilot trial verified that the study’s entry criteria selected pa-
tients who actually had hypertensive nephrosclerosis (26), a
feature not present in previous studies.

The MDRD Study reported a beneficial effect of random
assignment to a low BP goal in patients with renal disease
associated with proteinuria, although not in its intent-to-treat
analysis including all randomized patients (22,53). The re-

ported benefit of the low goal in MDRD patients with protein-
uria provides a precedent for a benefit of a lower BP goal in a
particular subpopulation with chronic renal disease. However,
the MDRD had few AA, and hypertensive nephrosclerosis is
usually not associated with a high degree of proteinuria. The
randomized comparison of the BP goals in the AASK will test
whether reducing BP to levels below those recommended for
the general hypertensive population slows progression of renal
disease in AA with hypertensive nephrosclerosis, and will also
address the alternative hypothesis that there is a BP below
which there will be a negative effect on renal outcomes (54).

Previous randomized trials have demonstrated that ACEI
slow the progression of renal disease in patients with diabetic
nephropathy and chronic renal insufficiency associated with
proteinuria (30,31,55). DHPCCB are widely used anti-hyper-
tensives in AA, and are also hypothesized to have renoprotec-
tive effects. The AASK will test whether ACEI and DHPCCB
are renoprotective in AA with hypertensive nephrosclerosis in
comparison with a reference group assigned to first-line ther-
apy with a BB and the same target BP level. The use of a BB
as the reference for testing the renoprotective effects of ACEI
could be criticized because BB and ACEI share certain prop-
erties in that they both inhibit renin release, but the inhibition
of the renin angiotensin system by BB is far less than ACEI.

Data from the AASK pilot study and other studies suggest
that the interpretation of the analysis of GFR slope could be
complicated by an acute (first 3 mo) increase in GFR in the
DHPCCB group and acute declines in GFR in the ACEI group
and in the low BP group. These acute modifications of GFR are
generally thought to be hemodynamic effects without clinical
significance, and for ACEI have been shown to be reversible
after termination of therapy (38–40). For treatment group
comparisons in which the early hemodynamic effect is in the
opposite direction of the long-term effect on the decline in
renal function, it is possible that effects of the treatment groups
in the acute and chronic phases of the study could cancel,
rendering the analysis of mean GFR slope inconclusive (see
Figure 1).

In contrast to the analysis of GFR slope, which addresses the
mean drug effect on renal function in all patients, including
those with little or no GFR decline, the secondary outcome of
time to a GFR event (halving of GFR), ESRD, or death is based
on events of clear clinical effect, either large declines in renal
function or death. Because the magnitude of the hypothesized
acute effects on GFR were much smaller than the changes in
GFR required to trigger a GFR event or ESRD, the composite
outcome is expected to be less sensitive to the acute effects
than the mean GFR slope (56). This point is illustrated by
Table 3, which indicates that the power of the time-to-event
analysis is greater than that of the total GFR slope when the
acute effects are in the opposite direction of the hypothesized
long-term effect, particularly when the magnitude of the mean
slope in the reference group is small.

The AASK study is the first clinical trial to address a critical
health care issue, the progressive loss of renal function in AA
with hypertensive nephrosclerosis, and to demonstrate whether
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specific MAP goals or specific anti-hypertensive agents better
preserve renal function.

Appendix 1. Sites, Co-Investigators,
and Collaborators

Case Western Reserve University Principal Investiga-
tor: J. Wright, Study Coordinator: Y. Hall, Collaborators: R.
Haynie, C. Mbanefo, M. Rahman, M. Smith, B. Crenshaw, R.
Dancie, L. Jaen.

Emory University Principal Investigator: J. Lea, Study
Coordinator: M. Douglas, Collaborators: A. Chapman, L.
Dean, D. Hall, D. Watkins, B. Wilkening, L. Williams, C.
Ross.

Harbor-UCLA Medical Center Principal Investigator: J.
Kopple, Study Coordinator: L. Miladinovich, Collaborator: P.
Oleskie.

Harlem Hospital Principal Investigator: V. Pogue, Study
Coordinator: D. Dowie, Collaborators: H. Anderson, L. Her-
bert, R. Locko, H. Nurse, J. Cheng, G. Darkwa, V. Dowdy, B.
Nicholas.

Howard University Principal Investigator: O. Randall,
Study Coordinator: S. Xu, Collaborators: G. Ali, T. Retta, T.
Alexander, M. Ketete, E. Mathew, D. Ordor, C. Tilghman.

Johns Hopkins University Principal Investigator: L. Ap-
pel, Study Coordinator: J. Charleston, Collaborators: C. Diggs,
C. Harris, P. Miller, T. Shields, M. Sotomayer, P. Whelton.

Martin Luther King, Sr.–Charles R. Drew Medical
Center Principal Investigator: K. Norris, Study Coordinator:
M. Miller, Collaborators: H. Ward, D. Martins, H. Howell.

Medical University of South Carolina Principal Investi-
gator: D. Cheek, Study Coordinator: D. Brooks, Collaborators:
C. Gadegbeku, D. Ploth, N. Monestime, S. Murner, S.
Thompson.

Meharry Medical College Principal Investigator: M.
Faulkner, Study Coordinator: K. Phillips, G. Sanford, C.
Weaver, Collaborator: O. Adeyele.

Morehouse School of Medicine Principal Investigator:
W. Cleveland, Study Coordinator: W. Smith; Collaborators: A.
Howard, K. Chapman, S. Plater.

Mount Sinai School of Medicine Principal Investigator:
R. Phillips, Study Coordinator: A. Gabriel, M. Lipkowitz, A.
Travis, J. Williams. Ohio State University

Principal Investigator: L. Hebert, Study Coordinator: L.
Hiremath, Collaborators: M. Falkenhain, S. Ladson-Wofford,
S. Nahman, K. Osei, A. Dodley, J. Parks, D. Veley.

Rush Presbyterian St. Luke’s Medical Center Principal
Investigator: G. Bakris, O. Adeyele, Study Coordinator: L.
Fondren, L. Bagnuolo, J. Cohen, M. Powell, Collaborators – J.
Lash, A. Smith, D. White, G. Henry, A. Johnson, T. Collins, S.
Koshy, E. Afante.

University of Alabama, Birmingham Principal Investi-
gator: S. Rostand, Study Coordinator: C. Johnson, B. Key,
Collaborators: D. Thornley-Brown, R. Gay.

University of California, San Diego Principal Investiga-
tor: D. O’Connor, Study Coordinator: J. Mount. Collaborators:
F. Gabbai, R. Parmer, F. Rao, J. Little, T. Makrogiannis, , A.
Ogundipe, A. Stephenson.

University of Florida Principal Investigator: C. Tisher,
Study Coordinator: L. Burgin, Collaborators: D. Allen, A.
Diaz, C. Sarmiento.

University of Miami Principal Investigator: J. Bour-
goignie, Study Coordinator: A. Doss, Collaborators: G. Con-
treras, D. Florence-Green, J. Junco, D. Merrill, J. Vassallo, A.
de Velasco.

University of Michigan Principal Investigator: K. Jamer-
son, Study Coordinator: D. Cornish-Zirker, Collaborators: T.
Graham, A. Johnson, F. Port, M. Keshishian, A. Ojo, S.
Steigerwalt, S. Nesbitt, K. Manchester, W. Bloembergen.

University of Southern California Principal Investigator:
S. Massry, Study Coordinator: A. Richardson; Collaborators:
V. Campese, M. Smogorzewski.

University of Texas Southwestern Medical Center, Dal-
las Principal Investigator: J. Middleton, Study Coordinator:
T. Lightfoot, Collaborators: E. Kuo, S. Leach, R. Toto, K.
Jones, K. Hart, L. Littmon, B. McNeill, C. Ying.

Vanderbilt University Principal Investigator: J. Lewis, ,
Study Coordinator: N. Rogers, M. Sika, Collaborators: G.
Schulman, S. McLeroy.

National Institute of Diabetes and Digestive and Kidney
Diseases L. Y. Agodoa, J. P. Briggs, J. W. Kusek.

Steering Committee Chair J. Douglas
Data Coordinating Center (Cleveland Clinic Founda-

tion) Principal Investigators J. Gassman, Study Coordinator:
K. Brittain, S. Sherer, Collaborators: G. Beck, V. Dennis, T.
Greene, M. Kutner, R. Stewart, L. Tuason, S-R. Wang, X.
Wang, W. Zhang.

Central Biochemistry Laboratory F. Van Lente, J.
Waletzky, C. O’Laughlin, C. Peck.Central GFR Laboratory

P. Hall, D. Pexa, H. Rolin; Blood Pressure Consultant: R.
Byington; Psychological Consultant: P. Greene.

Data Safety and Monitoring Committee R. Luke, V.
Chinchilli, C. Cook, B. Falkner, C. Ford, R. Glassock, T.
Karrison, T. Kotchen, E. Saunders, M. Secundy, D. Wesson.
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