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A b s t r a c t

Background

In observational studies, the relationship between blood pressure and end-stage 
renal disease (ESRD) is direct and progressive. The burden of hypertension-related 
chronic kidney disease and ESRD is especially high among black patients. Yet few 
trials have tested whether intensive blood-pressure control retards the progression 
of chronic kidney disease among black patients.
Methods

We randomly assigned 1094 black patients with hypertensive chronic kidney dis-
ease to receive either intensive or standard blood-pressure control. After completing 
the trial phase, patients were invited to enroll in a cohort phase in which the blood-
pressure target was less than 130/80 mm Hg. The primary clinical outcome in the 
cohort phase was the progression of chronic kidney disease, which was defined as 
a doubling of the serum creatinine level, a diagnosis of ESRD, or death. Follow-up 
ranged from 8.8 to 12.2 years.
Results

During the trial phase, the mean blood pressure was 130/78 mm Hg in the intensive-
control group and 141/86 mm Hg in the standard-control group. During the cohort 
phase, corresponding mean blood pressures were 131/78 mm Hg and 134/78 mm Hg. 
In both phases, there was no significant between-group difference in the risk of the 
primary outcome (hazard ratio in the intensive-control group, 0.91; P = 0.27). How-
ever, the effects differed according to the baseline level of proteinuria (P = 0.02 for 
interaction), with a potential benefit in patients with a protein-to-creatinine ratio of 
more than 0.22 (hazard ratio, 0.73; P = 0.01).
Conclusions

In overall analyses, intensive blood-pressure control had no effect on kidney disease 
progression. However, there may be differential effects of intensive blood-pressure 
control in patients with and those without baseline proteinuria. (Funded by the 
National Institute of Diabetes and Digestive and Kidney Diseases, the National 
Center on Minority Health and Health Disparities, and others.)
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Chronic kidney disease is a major 
public health problem. In national sur-
veys, the prevalence of chronic kidney dis-

ease (stages 1 through 4) among adults in the 
United States increased from 10% during the pe-
riod from 1988 through 1994 to 13% during the 
period from 1999 through 2004.1 In 2006, the 
cost to the federal government for the treatment 
of end-stage renal disease (ESRD) was $23 bil-
lion, and the corresponding treatment cost for 
chronic kidney disease was $49 billion.2 In the 
United States, approximately 30% of incident 
ESRD cases are attributed to hypertension.2 The 
burden of hypertension-related chronic kidney 
disease and ESRD is especially high among black 
patients.3

In observational studies, the relationship be-
tween blood pressure and the progression of 
chronic kidney disease or incident ESRD is di-
rect and progressive.3 Yet few trials have tested 
the effects of intensive blood-pressure control, 
as compared with traditional control, on the pro-
gression of chronic kidney disease, and the find-
ings from such trials have been inconsistent.4-7 
Despite a lack of compelling evidence,8 numer-
ous guidelines recommend a reduced blood-
pressure target in patients with chronic kidney 
disease.9-12

Trials in which the outcome variable is ESRD 
are difficult to conduct, because even high-risk 
patients typically have a relatively slow rate of 
decline in kidney function. The average decline 
in the glomerular filtration rate (GFR) among 
black patients with hypertensive chronic kidney 
disease is approximately 2 ml per minute per 
1.73 m2 of body-surface area per year,5 which is 
twice the usual age-associated decline in the 
general population.13 For a patient with a GFR of 
40 ml per minute and with an average decline in 
GFR of 2 ml per minute per year, it would take 
15 years to reach ESRD, which typically occurs at 
a GFR of approximately 10 ml per minute. How-
ever, trials studying the progression of chronic 
kidney disease rarely exceed 5 years.

In this study, called the African-American 
Study of Kidney Disease and Hypertension (AASK), 
we evaluated the effects of an intensive blood-
pressure target, as compared with a traditional 
blood-pressure target, on the progression of 
chronic kidney disease among black patients with 
hypertensive chronic kidney disease. On comple-
tion of the trial phase, patients were invited to 
enroll in a cohort phase in which they received 

recommended therapy with a blood-pressure tar-
get of less than 130/80 mm Hg. Using data from 
both phases of the trial, we now report the long-
term effects of a lower blood-pressure target on 
the progression of chronic kidney disease.

Me thods

Patients

Descriptions of the study methods have been re-
ported previously.5,14-16 All the patients in our 
study were black and between the ages of 18 and 
70 years, and all had hypertensive chronic kidney 
disease, which was defined as a diastolic blood 
pressure of more than 95 mm Hg and a GFR of 20 
to 65 ml per minute, as measured by 125I-iothala-
mate clearance. Principal exclusion criteria were 
diabetes, which was defined as a fasting glucose 
level of more than 140 mg per deciliter (7.8 mmol 
per liter), a random glucose level of more than 
200 mg per deciliter (11.1 mmol per liter), or the 
need for drug therapy for diabetes; a urinary pro-
tein-to-creatinine ratio of more than 2.5; malig-
nant hypertension (as defined by each center) 
during the previous 6 months; secondary hyper-
tension, serious systemic disease, or heart fail-
ure; or a specific indication for or contraindica-
tion to a study drug.

Study Design

The study had two phases, an initial trial phase, 
followed by a cohort phase. The trial phase had 
a 3-by-2 factorial design. From February 1995 
through September 1998, we randomly assigned 
1094 patients to receive either intensive blood-
pressure control or standard control. The blood-
pressure target was a mean arterial pressure of 
92 mm Hg or less in the intensive-control group 
and 102 to 107 mm Hg in the standard-control 
group. A mean arterial pressure of 92 is lower 
than the traditional blood-pressure target of 
130/80 mm Hg, which is recommended for patients 
with chronic kidney disease, and a mean arterial 
pressure of 107 mm Hg corresponds to the tradi-
tional blood-pressure target of 140/90 mm Hg.9 
We also randomly assigned patients to one of three 
initial drug therapies: ramipril, an angiotensin-
converting–enzyme (ACE) inhibitor; metoprolol, 
a sustained-release beta-blocker; or amlodipine, a 
dihydropyridine calcium-channel blocker. If the 
blood-pressure target could not be achieved with 
the highest tolerated dose of the randomly as-
signed drug, other antihypertensive drugs (furo-
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semide, doxazosin, clonidine, and hydralazine or 
minoxidil) were sequentially added.

The cohort phase was initiated in April 2002. 
Between the end of the trial phase on September 
30, 2001, and the start of the cohort phase, there 
was a brief transition period during which the 
cohort phase was designed and patients were 
switched from randomized therapy to ramipril. 
Patients in whom ESRD had not been diagnosed 
were invited to enroll in the cohort phase, in 
which they received protocol-driven blood-pres-
sure management on the basis of the results of 
the primary trial. If patients could not tolerate 
ramipril therapy, they were switched to an angio-
tensin-receptor blocker (ARB) that was selected 
by the clinical site investigator. If the blood-
pressure target was not achieved with the high-
est tolerated dose of ramipril, additional drugs 
were added, including furosemide, beta-blockers, 
calcium-channel blockers, centrally acting alpha-
adrenergic blockers, and direct vasodilators. At 
the start of the cohort phase, the blood-pressure 
target was less than 140/90 mm Hg. The target 
was reduced to less than 130/80 mm Hg in 2004, 
just after national guidelines recommended this 
target.9

Outcomes

The primary outcome was the progression of 
chronic kidney disease, which was defined as a 
doubling of the serum creatinine level (roughly 
equivalent to a halving of the GFR), a diagnosis 
of ESRD, or death. Other outcomes were directly 
related to chronic kidney disease (a doubling of 
the serum creatinine level or a diagnosis of ESRD) 
or clinical outcomes (ESRD or death). Serum 
creatinine was assessed twice at baseline and 
then every 6 months. ESRD was defined by the 
initiation of dialysis or receipt of a kidney trans-
plant.

Study Measurements

Baseline characteristics were summarized for all 
patients and according to the urinary protein-
to-creatinine ratio (>0.22 or ≤0.22, as measured 
from 24-hour urine collections, with both pro-
tein and creatinine measured in milligrams per 
day). Soon after the start of recruitment, on the 
basis of emerging evidence from other studies,17 
the investigators requested that the data and 
safety monitoring board test for interactions of 
trial interventions with proteinuria and review 

results stratified according to the presence or 
absence of baseline proteinuria. The cutoff point 
for proteinuria (a protein-to-creatinine ratio of 
>0.22) was selected by the investigative team in 
conjunction with the data and safety monitoring 
board. The specific threshold was chosen post 
hoc but before the outcome analyses were per-
formed. This level of proteinuria roughly corre-
sponds to an absolute urinary protein excretion 
of 300 mg per day, a commonly used threshold 
for defining proteinuria. All published proteinuria 
subgroup analyses of the AASK trial have used 
this threshold.17

Blood-pressure levels and hypertension con-
trol were summarized at baseline and then every 
2 years in patients who had not yet had the pri-
mary outcome. For the trial phase, follow-up time 
started at the date of randomization. For the 
cohort phase, follow-up time started at the end 
of the trial phase and included the transition 
period. The maximum duration of follow-up was 
12.2 years, which corresponded to the interval 
between the start of enrollment in the trial 
phase (April 7, 1995) and the end of outcome 
ascertainment (June 30, 2007).

Study Oversight

The institutional review board at each study cen-
ter and the studywide scientific advisory com-
mittee approved the protocols for the trial and 
cohort phases. The trial was conducted in accor-
dance with the protocol. (The protocol is avail-
able with the full text of this article at NEJM.org.) 
In each phase of the study, patients provided 
written informed consent. King Pharmaceuticals 
provided financial support and donated antihy-
pertensive medications to each clinical center. 
Pfizer, AstraZeneca, GlaxoSmithKline, Forest Lab-
oratories, Pharmacia, and Upjohn also donated 
antihypertensive medications. None of these com-
panies had any role in the design of the study, the 
accrual or analysis of data, or the preparation of 
the manuscript.

Statistical Analysis

We calculated the cumulative probability of study 
outcomes using Kaplan–Meier curves.18 The ef-
fects of blood-pressure targets on trial outcomes 
were evaluated with the use of Cox proportional-
hazards regression with adjustment for five pre-
specified baseline factors (log-transformed uri-
nary protein excretion, age, sex, presence or 
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absence of a history of heart disease, and base-
line mean arterial pressure) and randomized drug 
assignment. An interaction term of follow-up 
time with the log-transformed baseline protein-
to-creatinine ratio was included as a covariate to 
account for a change in the hazard ratio for base-
line urinary protein excretion over time. A time-
dependent indicator variable for study phase (trial 
phase vs. cohort phase) was also included to allow 
the baseline hazard to change at the completion 
of the trial.

We investigated the relationship between the 
effects of the blood-pressure target and the level 
of baseline protein excretion by adding inter
action terms between the randomized study 
groups and the log-transformed baseline protein-
to-creatinine ratio and by fitting the basic Cox 
regression analyses separately for the two strata 
of the protein-to-creatinine ratio. There was no 
significant interaction between the randomized 
drug assignments and assignments to a blood-
pressure target. A two-sided P value of less than 
0.05 was considered to indicate statistical signifi-
cance.

R esult s

Patients

Of the 2802 patients who underwent screening, 
1094 were enrolled in the trial phase (see Fig. 1 in 
the Supplementary Appendix, available at NEJM 
.org). The baseline characteristics of the patients 
are shown according to the randomized blood-
pressure target and the baseline protein-to-crea-
tinine ratio (≤0.22 vs. >0.22) for the trial phase 
(Table 1) and the cohort phase (Table 1 in the 
Supplementary Appendix). At baseline in the trial 
phase, approximately one third of the patients 
had proteinuria. Among all patients and within 
the two strata for the protein-to-creatinine ratio, 
baseline characteristics were similar in the two 
blood-pressure groups, with the exception of cur-
rent smoking, which was more prevalent in the 
intensive-control group. Among patients with 
proteinuria, the median protein-to-creatinine 
ratio was slightly higher in the standard-control 
group than in the intensive-control group. The 
primary outcome (a doubling of the serum crea-
tinine level, ESRD, or death) occurred in 328 pa-

Table 1. Baseline Characteristics of 1094 Patients Assigned to Receive Intensive or Standard Blood-Pressure Control, According to the Level 
of Urinary Protein Excretion.*

Variable All Patients
Urinary Protein-to-Creatinine  

Ratio, ≤0.22
Urinary Protein-to-Creatinine  

Ratio, >0.22

Intensive  
Control

(N = 540)

Standard 
Control

(N = 554)

Intensive 
Control

(N = 357)

Standard 
Control

(N = 376)

Intensive 
Control

(N = 181)

Standard 
Control

(N = 176)

Age — yr 54.5±10.9 54.7±10.4 56.6±10.1 55.8±9.67 50.4±11.3 52.1±11.4

Female sex — no. (%) 206 (38.1) 219 (39.5) 147 (41.2) 149 (39.6) 59 (32.6) 70 (39.8)

Current smoker — no. (%) 182 (33.7) 139 (25.1) 117 (32.8) 87 (23.1) 64 (35.4) 51 (29.0)

Did not complete high school 
— no. (%)†

218 (40.4) 226 (40.9) 158 (44.3) 168 (44.8) 60 (33.3) 57 (32.4)

Weight — kg 89.5±20.9 89.4±20.5 87.4±19.7 88.0±20.1 93.7±22.6 92.4±21.1

Body-mass index‡ 30.5±6.71 30.6±6.47 30.0±6.22 30.3±6.44 31.7±7.47 31.3±6.52

Estimated GFR (ml/min/ 
1.73 m2)

48.1±13.9 46.8±14.0 51.5±13.2 50.7±12.3 41.4±12.7 38.5±13.6

Serum creatinine — mg/dl 1.98±0.70 2.02±0.70 1.79±0.58 1.80±0.50 2.35±0.77 2.48±0.83

Median urinary protein —  
g/day (interquartile range)

0.12 (0.04–0.55) 0.11 (0.04–0.59) 0.06 (0.03–0.12) 0.06 (0.04–0.12) 0.96 (0.54–1.99) 1.06 (0.63–2.08)

Median urinary protein-to-
creatinine ratio (inter-
quartile range)

0.08 (0.03–0.36) 0.08 (0.03–0.37) 0.04 (0.02–0.08) 0.04 (0.02–0.09) 0.58 (0.35–1.08) 0.73 (0.42–1.37)

*	Plus–minus values are means ±SD. Four patients did not undergo baseline measurement of the urinary protein-to-creatinine ratio. To con-
vert the values for creatinine to micromoles per liter, multiply by 88.4. GFR denotes glomerular filtration rate.

†	Data were missing for one patient in the intensive-control group and one in the standard-control group.
‡ The body-mass index is the weight in kilograms divided by the square of the height in meters.
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tients during the trial phase and in 239 patients 
during the cohort phase.

Blood-Pressure Levels and Hypertension 
Control

Figure 1 and Table 2 show blood-pressure levels, 
rates of hypertension control, and medication use 
according to blood-pressure target among pa-
tients who remained at risk for the primary out-
come. At baseline, the mean blood pressure was 

152/96 mm Hg in the intensive-control group and 
149/95 mm Hg in the standard-control group. 
Throughout the trial phase, the mean blood pres-
sure was significantly lower in the intensive-
control group than in the standard-control group 
(130/78 mm Hg vs. 141/86 mm Hg). During the 
cohort phase, differences in blood pressure were 
smaller in magnitude, because all patients had a 
common blood-pressure target; the mean blood 
pressure was 131/78 in the intensive-control 
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Figure 1. Blood-Pressure Levels in Patients with Chronic Kidney Disease.

Shown are median systolic (Panel A) and diastolic (Panel B) blood-pressure measurements for patients who received intensive blood-
pressure control or standard control over time in the trial and cohort phases. All values are for patients who did not have progression of 
chronic kidney disease, defined as a doubling of the serum creatinine level, end-stage renal disease, or death (composite primary out-
come). The upper edge of each bar corresponds to the 75th percentile, and the bottom edge to the 25th percentile. Patients had at least 
3 years of follow-up in the trial phase. The period between 3 and 6.5 years is a mixed period that encompasses the trial phase for early 
enrollees and the cohort phase for late enrollees. After 6.5 years, all data are for the cohort phase. The values at the bottom of the 
graphs are the mean difference in blood pressure between the intensive-control group and the standard-control group at various time 
points; numbers in parentheses are 95% confidence intervals.
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group and 134/78 mm Hg in the standard-con-
trol group. Few patients had poorly controlled 
blood pressure, which was defined as a blood 
pressure of 160/100 mm Hg or more (Table 2). 
Blood-pressure levels that were stratified accord-
ing to the baseline protein-to-creatinine ratio 
paralleled the results among all patients (Tables 
2 and 3 and Fig. 2 and 3 in the Supplementary 
Appendix). Throughout the study, use of ACE in-
hibitors and ARBs was similar in the two ran-
domized blood-pressure groups.

Kidney Disease Progression

Among all patients and across both phases of the 
study, there was no significant difference be-
tween the intensive-control group and the stan-
dard-control group in the primary outcome (haz-
ard ratio in the intensive-control group, 0.91; 95% 
confidence interval [CI], 0.77 to 1.08; P = 0.27) or 
secondary outcomes (Table 3). However, the ef-
fects of the randomized blood-pressure target 
differed according to the baseline protein-to-
creatinine ratio. Across the entire study, there 

Table 2. Blood-Pressure Levels and Medication Use.*

Variable Yr after Randomization

0 2 4 6 8 10

No. of patients

Trial phase

Standard control 554 448 272 46 0 0

Intensive control 540 456 292 56 0 0

Cohort phase

Standard control 0 0 39 183 208 116

Intensive control 0 0 37 189 219 133

Blood pressure

Systolic pressure (mm Hg)

Standard control 149±23 140±18 141±18 136±20 131±19 130±19

Intensive control 152±25 128±21 127±20 128±16 131±20 128±20

Diastolic pressure (mm Hg)

Standard control 95±14 86±11 84±10 80±13 76±12 75±11

Intensive control 96±15 78±14 76±12 77±11 77±13 74±12

Blood pressure <130/80 mm Hg (%)

Standard control 8.5 12.3 14.1 24.9 37.5 41.4

Intensive control 6.7 50.9 55.0 43.7 39.3 48.1

Blood pressure <140/90 mm Hg (%)

Standard control 20.2 39.7 40.2 59.8 72.1 72.4

Intensive control 19.1 75.4 75.1 71.8 73.5 73.7

Blood pressure ≥160/100 mm Hg (%)

Standard control 18.2 4.0 3.2 3.9 2.9 0.9

Intensive control 22.4 3.9 3.3 1.6 2.7 1.5

Medication

ACE inhibitor or ARB (%)

Standard control 39.7 40.0 48.9 82.1 90.9 83.6

Intensive control 39.5 41.0 48.6 79.1 88.1 91.6

No. of classes of hypertension drugs

Standard control 2.4±1.1 2.7±1.2 3.0±1.4 3.6±1.4 3.9±1.6 3.9±1.5

Intensive control 2.4±1.2 3.5±1.1 3.6±1.1 3.7±1.4 3.8±1.3 4.2±1.3

*	Plus–minus values are means ±SD. ACE denotes angiotensin-converting enzyme, and ARB angiotensin-receptor blocker.
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was a significant interaction between the ran-
domized blood-pressure group and the log-
transformed protein-to-creatinine ratio for the 
primary outcome (P = 0.02 for interaction), the 
outcome of a doubling of the serum creatinine 
level or ESRD (P = 0.007 for interaction), and the 
outcome of ESRD or death (P = 0.02 for interac-
tion). Among patients with a baseline protein-to-
creatinine ratio of 0.22 or less, there was no sig-
nificant between-group difference in the primary 
outcome (hazard ratio, 1.18; 95% CI, 0.93 to 1.50; 
P = 0.16), and there was an inconsistent pattern 
for the outcome of a doubling of the serum crea-
tinine level or ESRD (hazard ratio, 1.39; 95% CI, 

1.04 to 1.87; P = 0.03) and the outcome of ESRD 
or death (hazard ratio, 1.12; 95% CI, 0.87 to 1.45; 
P = 0.39) (Table 3 and Fig. 2).

Among patients with a protein-to-creatinine 
ratio of more than 0.22, those in the intensive-
control group had a significant reduction in the 
risk of the primary outcome (hazard ratio, 0.73; 
95% CI, 0.58 to 0.93; P = 0.01) and for the two 
secondary outcomes: a doubling of the serum 
creatinine level or ESRD (hazard ratio, 0.76; 
95% CI, 0.58 to 0.99; P = 0.04) and ESRD or 
death (hazard ratio, 0.67; 95% CI, 0.52 to 0.87; 
P = 0.002). Among patients with a protein-to-
creatinine ratio of more than 0.22, the hazard 

Table 3. Event Rates for Primary and Secondary Outcomes, According to Study Phase and Proteinuria Status at Baseline.*

Variable Intensive Control Standard Control
Hazard Ratio

(95% CI) P Value

no./total no.
rate per 100 

person-yr no./total no.
rate per 100 

person-yr

All patients

Doubling of serum creatinine level, ESRD, or death

Trial phase 159/540 7.0 169/554 7.3 0.88 (0.71–1.09) 0.24

Cohort phase 123/377 7.9 116/382 7.7 0.95 (0.74–1.23) 0.70

Both phases 282/540 7.3 285/554 7.5 0.91 (0.77–1.08) 0.27

Doubling of serum creatinine level or ESRD

Trial phase 121/540 5.3 125/554 5.4 0.91 (0.71–1.18) 0.49

Cohort phase 92/377 5.9 84/382 5.5 0.99 (0.73–1.33) 0.95

Both phases 213/540 5.5 209/554 5.5 0.95 (0.78–1.15) 0.59

ESRD or death

Trial phase 124/540 5.3 140/554 5.9 0.84 (0.66–1.07) 0.16

Cohort phase 114/412 6.4 116/411 6.9 0.86 (0.67–1.12) 0.27

Both phases 238/540 5.8 256/554 6.3 0.85 (0.71–1.02) 0.08

Patients with baseline urinary protein-to-creatinine  
ratio ≤0.22

Doubling of serum creatinine level, ESRD, or death

Trial phase 64/357 4.0 61/376 3.6 1.14 (0.80–1.63) 0.46

Cohort phase 81/290 6.5 74/312 5.6 1.21 (0.88–1.66) 0.24

Both phases 145/357 5.1 135/376 4.5 1.18 (0.93–1.50) 0.16

Doubling of serum creatinine level or ESRD

Trial phase 42/357 2.6 34/376 2.0 1.44 (0.91–2.26) 0.12

Cohort phase 56/290 4.5 49/312 3.7 1.36 (0.92–2.00) 0.12

Both phases 98/357 3.4 83/376 2.7 1.39 (1.04–1.87) 0.03

ESRD or death

Trial phase 47/357 2.9 50/376 2.9 0.98 (0.66–1.47) 0.94

Cohort phase 72/307 5.2 62/323 4.3 1.22 (0.87–1.72) 0.25

Both phases 119/357 3.9 112/376 3.6 1.12 (0.87–1.45) 0.39

The New England Journal of Medicine 
Downloaded from nejm.org on September 15, 2015. For personal use only. No other uses without permission. 

 Copyright © 2010 Massachusetts Medical Society. All rights reserved. 



Blood-Pressure Control in Kidney Disease

n engl j med 363;10  nejm.org  september 2, 2010 925

ratio for the primary outcome was 0.74 during 
the trial phase and 0.66 during the cohort phase. 
(For additional outcomes, see Tables 4, 5, and 
6 in the Supplementary Appendix.) 

Discussion

With extended follow-up of patients who were 
randomly assigned to two different blood-pres-
sure targets, we found that the rate of progres-
sion of chronic kidney disease did not differ 
significantly between the two groups. However, 
results differed according to the level of the base-
line protein-to-creatinine ratio. In patients with a 
protein-to-creatinine ratio of more than 0.22, in-
tensive blood-pressure control significantly re-
tarded disease progression, according to the pri-
mary outcome (a doubling of the serum creatinine 
level, ESRD, or death) as well as outcomes directly 
related to chronic kidney disease (a doubling of 
the serum creatinine level or ESRD) and clinical 
outcomes (ESRD or death). Intensive blood-pres-
sure control had no significant or consistent ef-
fect among patients with a protein-to-creatinine 
ratio of 0.22 or less. Throughout the trial and 

cohort phases, the use of medications that block 
the renin–angiotensin system was similar in the 
two blood-pressure groups. Hence, it is unlikely 
that confounding with the use of renoprotective 
medication accounted for the beneficial effect of 
intensive blood-pressure control.

Few trials have tested the effects of a reduced 
blood-pressure target on the progression of 
chronic kidney disease. The Modification of Diet 
in Renal Disease (MDRD) trial compared the ef-
fects of a lower blood-pressure target (mean ar-
terial pressure, <92 mm Hg) to a standard target 
(mean arterial pressure, <107 mm Hg) in adults 
with nondiabetic kidney disease from a variety 
of conditions. During the initial phase of the 
MDRD trial, assignment to the lower blood-
pressure target had no significant effect on the 
mean change in the GFR during a 3-year period.4 
However, subgroup analyses suggested that as-
signment to the lower target retarded the pro-
gression of chronic kidney disease in patients 
with an increased severity of proteinuria (>1 g per 
day, with a mean of 2.8 g per day).19 During 
extended follow-up, patients in the intensive-
control group had a reduced risk of ESRD, as 

Table 3. (Continued.)

Variable Intensive Control Standard Control
Hazard Ratio

(95% CI) P Value

no./total no.
rate per 100 

person-yr no./total no.
rate per 100 

person-yr

Patients with baseline urinary protein-to-creatinine  
ratio >0.22

Doubling of serum creatinine level, ESRD, or death

Trial phase 94/181 13.9 108/176 18.3 0.74 (0.56–0.99) 0.04

Cohort phase 42/86 13.7 41/68 21.1 0.66 (0.43–1.03) 0.07

Both phases 136/181 13.8 149/176 19.0 0.73 (0.58–0.93) 0.01

Doubling of serum creatinine level or ESRD

Trial phase 78/181 11.5 91/176 15.4 0.76 (0.55–1.04) 0.08

Cohort phase 36/86 11.8 35/68 18.0 0.68 (0.43–1.09) 0.11

Both phases 114/181 11.6 126/176 16.1 0.76 (0.58–0.99) 0.04

ESRD or death

Trial phase 76/181 10.6 90/176 14.3 0.76 (0.56–1.04) 0.09

Cohort phase 42/104 11.0 53/86 20.3 0.55 (0.37–0.84) 0.005

Both phases 118/181 10.8 143/176 16.1 0.67 (0.52–0.87) 0.002

*	Hazard ratios and P values are for the comparison between the intensive-control group and the standard-control group. Hazard ratios have 
been adjusted for five prespecified baseline factors (log-transformed urinary protein excretion, age, sex, presence or absence of a history of 
heart disease, and baseline mean arterial pressure), along with a linear interaction term between the log-transformed baseline urinary pro-
tein-to-creatinine ratio and follow-up time. ESRD denotes end-stage renal disease.
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compared with the standard-control group.20 
However, because patients in the intensive-con-
trol group were more likely to have received ACE 
inhibitors than those in the standard-control 
group, the benefit might have resulted from a 
renoprotective effect of ACE inhibition. A recent 
trial documented beneficial effects of strict blood-
pressure control among children with chronic 
kidney disease in whom the mean protein-to-
creatinine ratio at baseline was relatively high 
(approximately 1.3).7 Hence, in these two trials 
in which a benefit of a lower blood-pressure tar-
get was documented, levels of proteinuria were 
considerably higher than the corresponding levels 
among patients in our trial, including those with 
a protein-to-creatinine ratio of more than 0.22.

The long-term results of the AASK study 
should be viewed in the context of the findings 
in the trial phase alone. During the trial phase 
among all patients, there was no significant 
benefit of intensive blood-pressure control, as 
compared with standard control, on the primary 
GFR outcomes or the clinical composite out-

comes, each based on 125I-iothalamate clearance.5 
Still, some analyses suggested that intensive 
blood-pressure control might be beneficial in 
patients with baseline proteinuria. Specifically, 
for the primary composite outcome, there was a 
significant interaction between baseline protein
uria and blood-pressure target (P = 0.02 for inter-
action). Nonetheless, because the effects of in-
tensive blood-pressure control did not achieve 
significance in either proteinuria stratum, sub-
group results were deemed inconclusive.5

An important issue is time course. It is diffi-
cult to precisely identify the onset of a beneficial 
effect from intensive blood-pressure control in 
patients with baseline proteinuria. Nonetheless, 
a benefit appears to have emerged during the 
trial phase and persisted into the cohort phase. 
This was evident from the Kaplan–Meier plots, 
in which curves appeared to separate after ap-
proximately 1 year, and from the pattern of haz-
ard ratios (0.74 during the trial phase and 0.66 
during the cohort phase).

An unexpected finding was the lack of bene-
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Figure 2. Cumulative Incidence of the Composite Primary Outcome, According to Baseline Proteinuria Status.

Among patients with baseline proteinuria, which was defined as a urinary protein-to-creatinine ratio (P:C) of more 
than 0.22, those who received intensive blood-pressure control had a significantly lower cumulative incidence of the 
composite primary outcome (a doubling of the serum creatinine level, end-stage renal disease, or death) than those 
who received standard blood-pressure control (hazard ratio in the intensive-control group, 0.73; 95% confidence in-
terval [CI], 0.58 to 0.93; P = 0.01). However, the between-group difference was not significant among patients with a 
P:C of 0.22 or less (hazard ratio, 1.18; 95% CI, 0.93 to 1.50; P = 0.16). The values at the bottom of the graph are num-
bers of patients.
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fit of the lower target in patients with a baseline 
protein-to-creatinine ratio of 0.22 or less. Insuf-
ficient statistical power is an unlikely explana-
tion. In both the trial and cohort phases, the 
number of outcomes was similar in the two 
proteinuria strata: 280 events in patients with a 
protein-to-creatinine ratio of 0.22 or less and 
285 in those with a protein-to-creatinine ratio of 
more than 0.22. Also, there was no suggestion 
of a benefit among patients with a protein-to-
creatinine ratio of 0.22 or less across both 
phases (hazard ratio, 1.18; 95% CI, 0.93 to 1.50; 
P = 0.16). Although a physiological basis for the 
absence of a protective effect in the subgroup 
without proteinuria is uncertain, empirical data 
support the notion that renoprotective therapies, 
such as ACE inhibitors, are most effective in pa-
tients with proteinuria and least effective, or pos-
sibly ineffective, in patients without diabetes or 
proteinuria.6,19-22 In some observational studies23-25 
and in observational analyses of trial data,25 low 
levels of attained blood pressure have been as-
sociated with adverse health outcomes. However, 
the relationship does not appear to be causal, 
because among patients with chronic kidney dis-
ease or ESRD, a low rate of achievement of the 
blood-pressure target is often confounded by 
indicators of poor health.23,26 Overall, it is hard 
to develop a coherent, biologically plausible argu-
ment for a qualitative interaction between harm 
in patients without proteinuria and benefit in 
those with proteinuria.

Our study has several strengths, including its 
focus on an understudied population at high risk 
for the progression of chronic kidney disease,16 
the long duration of follow-up, a high reenroll-
ment rate in the cohort phase, a large and sus-
tained difference in blood pressure between the 
two randomized groups during the trial phase, 
the similar use of renoprotective antihyperten-
sive drug therapies in the two blood-pressure 
groups, and the availability of data on potential 
confounders, including blood-pressure medica-
tions. However, our study also has several limi-
tations. The cohort phase was not a randomized 
trial, since all the patients had the same blood-
pressure target. Still, despite a convergence of 

blood-pressure levels in the intensive-control and 
standard-control groups during the cohort phase, 
a benefit of an intensive blood-pressure target 
emerged in patients with proteinuria. Second, 
adjustment of therapy was based on blood pres-
sure as assessed by standard office readings, not 
on ambulatory blood pressure. We recently doc-
umented that elevated nocturnal blood pressure 
was common among patients in the cohort 
phase.27 Third, the effect modifier that account-
ed for our observed findings might not be the 
presence of proteinuria at baseline but instead 
might be a variable closely related to it.28 How-
ever, we tested for interactions between the 
blood-pressure target group and three variables 
(smoking, obesity, and GFR), and none of the 
interactions were significant (data not shown). 
Finally, significant subgroup results should be 
interpreted cautiously, given the potential for 
chance findings even when the subgroup is pre-
specified.29 Nevertheless, our finding that a lower 
blood-pressure target significantly retarded the 
progression of chronic kidney disease among 
patients with proteinuria is consistent with the 
results of other studies.7,19

In conclusion, although guidelines have rec-
ommended a more intensive blood-pressure goal 
in patients with hypertensive chronic kidney dis-
ease,9-12 trial evidence in support of such recom-
mendations is sparse. Subgroup analyses from 
our study suggest that a lower blood-pressure 
target may retard disease progression in some 
patients with hypertensive chronic kidney disease, 
but the evidence for this benefit is limited to pa-
tients with a protein-to-creatinine ratio of more 
than 0.22 at baseline.
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