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Background and objectives: Mean arterial pressure has been used in clinical trials in nephrology to randomly assign and
treat patients, yet the pulsatile component of BP is recognized to influence outcomes in older people. I examined the unique
contributions of systolic (SBP) and diastolic BP (DBP) on the risk for ESRD and death in patients with chronic kidney disease
(CKD).
Design, setting, participants, & measurements: A single-center, prospective cohort study was conducted of 218 veterans with
CKD (22% black, 4% women, mean age 68 yr, clinic BP 154.1 ⴞ 25.1/85.2 ⴞ 13.9 mmHg, 48% with diabetes).
Results: During follow-up of up to 7 yr, 63 patients had ESRD and 102 patients died. Compared with those with controlled
SBP (<130 mmHg), patients with moderate control (130 to 149 mmHg) had hazard ratio of 3.87 and those with poor control
hazard ratio of 9.09 for ESRD. DBP had no direct ability to predict ESRD. For all-cause mortality, a J-shaped relationship was
seen for SBP and an inverse relationship was seen for DBP. Considered jointly in the Cox model, a higher SBP and lower DBP
improved the prediction of all-cause mortality compared with either BP component alone. The presence of J curve was
especially pronounced in patients with advanced CKD, absence of clinical proteinuria, or age >65 yr.
Conclusions: In older patients with CKD, SBP predicts ESRD and a higher SBP and lower DBP predicts all-cause mortality.
Lower BP of <110/70 mmHg is a marker of higher mortality in older individuals with advanced CKD.
Clin J Am Soc Nephrol 4: 830 – 837, 2009. doi: 10.2215/CJN.06201208

E

merging evidence suggests that arterial stiffness is an
important risk factor for mortality, especially in patients with chronic kidney disease (CKD) (1). Increasing arterial stiffness induces a reflected pulse wave that
augments the pulse in systole and results in an elevated
pulse pressure, the most common clinical manifestation of
increased arterial stiffness (2). An elevated systolic BP (SBP)
and lower diastolic BP (DBP) reflects arterial aging (3). The
mean arterial pressure reflects the steady-state component of
BP, whereas the pulsatile component is better reflected by
the pulse pressure. Although the concept of mean arterial
pressure and pulse pressure is achieving recognition in nephrology clinical practice (4,5), two landmark trials in nephrology randomly assigned patients on the basis of two
levels of mean arterial pressure (6,7). The unique contribution of SBP and DBP in predicting hard outcomes in patients
with established CKD is unclear.
Whereas some studies find a direct link between SBP and
hard outcomes (4,5) others find an inverse relationship between
SBP and outcomes (8). Whether consideration of DBP improves
the prediction of mortality or ESRD in patients with CKD
remains poorly studied. Consideration of both components of
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BP (systolic and diastolic) together may allow determination of
the prognostic importance with respect to each other.
The purpose of this study was to clarify the relationship of
SBP and DBP on hard outcomes in patients with CKD. Specifically, I evaluated the hazards of ESRD and death in patients
with CKD to address the question of whether incorporation of
DBP can improve the assessment of outcomes when treating
systolic hypertension. On discovering a higher mortality at
lower BP (J curve), I further explored the factors associated with
the J curve.

Materials and Methods
Study Participants
The cohort was assembled prospectively from the renal and a general
medicine clinic at the Indianapolis Veterans Affairs Hospital between
October 17, 2000, and May 29, 2002, and has been previously described
(9). Consecutive patients were enrolled when they were ⱖ18 yr of age
with an estimated GFR (eGFR) ⬍60 ml/min per 1.73 m2 by the abbreviated four-component Modification of Diet in Renal Disease formula.
When GFR was between 60 and 90 ml/min per 1.73 m2, I required urine
albumin/urine creatinine ratio to be ⬎30 mg/g to diagnose CKD (10).
Patients were excluded for body mass index ⬎40 kg/m2, acute renal
failure, receiving renal replacement therapy, atrial fibrillation, or
change in their antihypertensive regimens within 2 wk of study enrollment. The institutional review board of Indiana University and the
Research and Development Committee of the Richard L Roudebush
Veterans Affairs Medical Center approved this study, and all patients
gave their written informed consent.
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Exposure Assessment
Standardized clinic BP were obtained by one nurse trained in BP
measurement using an oscillometric monitor (Omron 412C; Omron
Healthcare, Bannockburn, IL) (11). For each patient, the average BP
from each arm obtained in triplicate was calculated. The higher of the
two averages was defined as the patient’s BP. Clinic BP recordings were
averaged over two visits using the arm that recorded the higher BP. BP
measurements were not collected after these initial measurements.

Outcome Assessment
ESRD and all-cause mortality were analyzed as individual outcomes
because previous research suggested that these competing outcomes
may share different pathophysiologic pathways (12). Each patient’s
electronic medical record was manually examined for notation of dialysis. When dialysis was not initiated, then the most recent eGFR measurement was calculated. Certain patients refused dialysis even though
they had reached ESRD. When patients were asked to initiate dialysis
by the nephrologist and eGFR was ⬍15 ml/min per 1.73 m2, the patient
was labeled as having ESRD. When the eGFR measurements were ⬍30
ml/min per 1.73 m2 and the patient was not seen within 6 mo and the
patient was alive, the Renal Network was contacted to ascertain
whether the patient had initiated dialysis.
The ascertainment of death was established using the computerized
VA electronic medical record system. The last date of visit to any VA
facility was used to determine the last date of follow-up. For patients
who were not seen at a VA facility in the previous 6 mo, the social
security death index was checked for mortality.

Statistical Analysis
The Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure
recommends the level of control of BP in patients with CKD as
⬍130/80 mmHg. I defined BP between 130/80 and 149/89 mmHg as
modest control and BP ⬎150/90 mmHg as poor control analogous to
stage 1 and stage 2 hypertension of the Seventh Report of the Joint
National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure categories. Follow-up for each
study participant was calculated from the date of baseline examination until the date of death, development of ESRD, or the follow-up
interview. Cumulative incidence of ESRD or death was calculated by
the degree of BP control using the Kaplan-Meier method using the
Nelson Aalen estimator. Differences across categories were assessed
using the log-rank test.
Cox proportional hazards regression was used to determine the
significance and strength of association of factors associated with ESRD
and mortal outcomes. Models were adjusted for age; race (black versus
nonblack); diabetes; log urine albumin creatinine ratio; eGFR; and a
history of cardiac disease, including myocardial infarction, use of nitrates, history of angina, or coronary revascularization (13). Proportional hazards assumption was checked using Schoenfeld residuals and
by evaluating the statistical significance of the interaction of the log of
time with linear predictor in the Cox model.
To explore further the association of BP with ESRD and death, I
determined the hazard ratios (HR) for ESRD and death for each category of SBP and DBP. Analyses of BP as predefined categories were
performed with each BP component included in the Cox regression
model separately or simultaneously (SBP and DBP). Models when
nested were compared using the likelihood ratio test.
Finally, I evaluated the nonlinear relationship of time and BP using
restricted cubic splines (14). Specifically, I placed 5 knots at 0.050, 0.275,
0.500, 0.725, and 0.950 quantiles of the x variable (SBP or DBP) and then
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tested the covariates for linearity. I also interacted these covariates with
risk factors such as older age (⬎65 yr), advanced CKD (stage 4 or 5),
clinical proteinuria (⬎1 g/g creatinine), or a combination of older age
or advanced CKD to explore the provenance of J curve that emerged for
mortality in these individuals.
Significance was set at for a two-sided P ⬍ 0.05. All analyses were
performed using Stata 10.1 (Stata Corp., College Station, TX).

Results
Baseline characteristics of the study participants are presented according to degree of SBP control in Table 1. Patients
were older men, mostly white, and 95% were treated with
antihypertensive medications, averaging three medications per
patient. Increasing level of poor SBP control was associated
with higher DBP and pulse and mean arterial pressure. Poor
control was associated with the cause of CKD; those with poor
control more often had diabetes as the cause of their kidney
disease. Poor control was also associated with greater proteinuria and greater exposure to antihypertensive drugs as reported previously (15).
During a cumulative follow-up of 1009 yr, 102 patients died
(crude mortality rate 101.1/1000 patient-years). Cumulative incidence of mortality during 7 yr was 68.7% (95% confidence
interval [CI] 55.5 to 84.9). During a cumulative follow-up of 879
yr, 63 patients had ESRD (crude ESRD rate 71.6/1000 personyears), yielding a cumulative incidence rate of 44.2% (95% CI 34
to 57.6%) during 7 yr.
Table 2 shows the number of events, crude mortality rate,
and cumulative hazard rates by the level of BP control. The
cumulative incidence of mortality at 7 yr of follow-up was
55.3% in the controlled group, compared with 86% in poorly
controlled group (P ⫽ 0.06 log-rank test; Figure 1). When patients were divided on the basis of DBP control, the cumulative
mortality risk was poorest at 86.4% in the controlled group,
compared with 59.3% in poorly controlled group (P ⫽ 0.09
log-rank test; Figure 1). Thus, the SBP and DBP measurements
seemed to convey different prognostic signals for all-cause
mortality, although BP control category as a single component
was not statistically robust in predicting outcomes.
The cumulative incidence of ESRD at 7 yr of follow-up was
7.2% in the controlled group, 27.7% in the moderately controlled group, and 71.4% in poorly controlled group (P ⬍
0.001, log rank test; Figure 1). When patients were divided by
DBP control, the cumulative incidence of ESRD was similar
between groups. Table 3 shows the HR and their 95% CI for
the SBP and DBP in models of ESRD and all-cause mortality
when each of these components is considered singly. The
joint model reflects one in which the effects of SBP and DBP
are considered together. It is evident that when SBP and DBP
were entered in the same model to predict all-cause mortality, the model fit improved compared with the single covariate model; however, in case of ESRD outcome, most information for ESRD outcome was contained in the SBP
component, and further refinement in prediction was not
achieved when DBP was considered simultaneously.
Table 4 shows the multivariate adjusted HR of the joint
model compared with the single-component model. In the case
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a

n
SBP (mean 关SD兴)
DBP (mean 关SD兴)
Pulse pressure (mean 关SD兴)
Mean arterial pressure (mean 关SD兴)
Age (yr; mean 关SD兴)
Men (n 关%兴)
Race (n 关%兴)
white
black
other
Weight (kg)
Body mass index (kg/m2; mean 关SD兴)
Smoking (n 关%兴)
current
former
never
Diabetes (n 关%兴)
Coronary artery disease (n 关%兴)
Cerebrovascular disease (n 关%兴)
Peripheral vascular disease (n 关%兴)
Cause of CKD (n 关%兴)
diabetes
hypertension
glomerulonephritis
obstruction
other
unknown
Not receiving medications (n 关%兴)
Average no. of antihypertensive drugs
ACEI (n 关%兴)
ARB (n 关%兴)
ACEI or ARB (n 关%兴)
Serum albumin (g/dl; mean 关SD兴)
Hemoglobin (g/dl; mean 关SD兴)
Urine protein/creatinine (g/g; median 关IQR兴)
eGFR (ml/min per 1.73 m2; mean 关SD兴)

Clinical Characteristic

Table 1. Clinical characteristics of the study population by level of SBP controla

832
Clin J Am Soc Nephrol 4: 830 – 837, 2009

Clin J Am Soc Nephrol 4: 830 – 837, 2009

Explaining the J Curve in CKD

833

Table 2. Event and cumulative incidence rates for individual end points of ESRD or mortality in patients with
CKDa
Parameter

Exposed
(n)

Events
(n 关%兴)

Follow-up
(person-years)

Crude Event
Rate (/1000
person-years)

Cumulative
Incidence
Rate (%)

38
63
117

2 (5)
13 (21)
48 (41)

167.6
283.6
428.2

11.9
45.8
112.1

7.20
27.70
71.40

1.00
3.87 0.87 to 17.20
9.09 2.21 to 37.50

⬍0.001

70
46
39

24 (34)
23 (50)
16 (41)

363.9
383.1
232.4

66.0
60.0
68.8

37.10
50.60
49.70

1.00
1.29 0.72 to 2.30
1.09 0.58 to 2.07

⬎0.200

38
63
117

16 (42)
22 (35)
64 (55)

169.5
319.8
519.6

94.4
68.8
123.2

55.30
46.90
86.00

1.00
0.72 0.38 to 1.38
1.29 0.74 to 2.23

0.050

70
46
39

52 (74)
27 (59)
23 (59)

402.1
344.1
262.7

129.3
78.5
87.6

86.40
52.30
59.30

1.00
0.62 0.39 to 0.99
0.69 0.42 to 1.13

0.090

End point of ESRD
SBP (mmHg)
⬍130
130 to 149
ⱖ150
DBP (mmHg)
⬍80
80 to 89
ⱖ90
End point of all-cause
mortality
SBP (mmHg)
⬍130
130 to 149
ⱖ150
DBP (mmHg)
⬍80
80 to 89
ⱖ90

95% CI

P (Model)

CI, confidence interval; HR, hazard ratio.
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Figure 1. Cumulative hazard of death and ESRD in patients
with three different levels of systolic (SBP) and diastolic BP
(DBP) control. Lower baseline SBP was associated with a higher
mortality compared with moderately controlled BP. Mortality
was highest for the lowest DBP. Higher SBP was associated
with greater risk for ESRD, but this was not the case for DBP.

of ESRD outcome, the addition of DBP did not add to the
prediction of outcomes, but in the case of all-cause mortality,
there was some evidence of improvement in model fit. The fall
in HR from 2.04 to 0.61 for all-cause mortality in the poorly
controlled hypertension group was the most intriguing finding.
This suggests that certain risk factors may be conferring high
mortality but may be associated with low SBP. To explore this

further, I analyzed the nonlinear relationships of BP and
mortality.
Figure 2 shows the nonlinear relationship of SBP and DBP
with ESRD and all-cause mortality. Mortality increased when
BP reduced to ⬍110/70 mmHg and also when SBP increased
⬎180 mmHg. A monotonic relationship between baseline SBP
and DBP and ESRD was observed.
I next analyzed the relationship of certain high-risk characteristics such as older age (⬎65 yr), lower eGFR (⬍30 ml/min
per 1.73 m2), overt proteinuria (⬎1 g/g creatinine), and a
combination of older age or lower eGFR and their interactions
with SBP on the hazard of mortality. The J-shaped relationship
was most evident for the group of patients who had low eGFR
and exhibited higher mortality with decreasing SBP (Figure 3).
Those with proteinuria benefited from aggressive BP lowering,
but a J shape was evident for those with proteinuria of ⬍1 g/g
creatinine. Older people as well as those older or those with
more advanced CKD also showed a more pronounced J curve.

Discussion
It is now well established that systolic hypertension is associated with an increased rate of progression of kidney disease
(16 –18). This study confirms that baseline SBP is a stronger
predictor than DBP in predicting ESRD. Adding DBP to SBP
provided no additional information with respect to ESRD outcomes. These data gathered in older veterans support a patientlevel meta-analysis that suggests that SBP be controlled to
between 110 and 129 mmHg to reduce the risk for kidney
disease progression (19). These results are also similar to that

a

0.220 to 0.840
0.310 to 1.180

1.000
0.430
0.610

2⫽4.1,P⫽0.13

2⫽3.2,P⫽0.20

Model Fit Compared
with Single-Component
Model

Adjusted for age, eGFR, race, diabetes, coronary artery disease, and log protein/creatinine ratio.

0.820 to 17.800
1.360 to 30.000

1.000
3.840
6.370

HR

SBP

1.00
0.82 0.43 to 1.56
2.04 1.12 to 3.72

1.000
0.600
0.810

1.000
0.640
0.500

HR

2 ⫽ 12.5, P ⫽ 0.0020

2 ⫽ 3.4, P ⫽ 0.1800

Model Fit Compared
with Single-Component
Model

SBP
95% CI

0.360 to 0.998
0.460 to 1.410

0.330 to 1.250
0.230 to 1.090

95% CI

DBP

1.00
0.45 0.27 to 0.74
0.45 0.26 to 0.77

1.00
0.73 0.40 to 1.30
0.53 0.27 to 1.05

HR

Joint-Component Model

2⫽6.0,P⫽0.05

2⫽8.2,P⬍0.02

Model Fit Compared
with Single-Component
Model

2 ⫽ 13.7, P ⫽ 0.0010

2 ⫽ 25.3, P ⬍ 0.0001

Model Fit Compared
with Single-Component
Model

DBP
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ESRD (multivariate adjusted)
BP controlled
moderate control
poor control
All-cause mortality (multivariate adjusted)
BP controlled
moderate control
poor control

Outcome

95% CI

1.00
4.27 0.96 to 18.90
12.05 2.83 to 51.30

HR

95% CI

1.00
0.62 0.39 to 0.99
0.69 0.42 to 1.13

95% CI

1.00
0.72 0.38 to 1.38
1.29 0.74 to 2.23

HR

1.00
1.29 0.72 to 2.30
1.09 0.58 to 2.07

95% CI

DBP

1.00
3.87 0.87 to 17.20
9.09 2.21 to 37.50

HR

SBP

Table 4. Adjusted HR for ESRD or death: Joint modela

ESRD Outcome
BP controlled
moderate control
poor control
All-cause mortality
outcome
BP controlled
moderate control
poor control

Parameter

Single-Component Model

Table 3. HR for ESRD or death associated with the component of BP
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Figure 2. A J-shaped relationship was seen between SBP or DBP
and all-cause mortality. SBP was a much stronger predictor of
ESRD compared with DBP.
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Figure 3. The underlying risk factors such as age, severity of
renal failure, or proteinuria modified the relationship between
SBP and mortality. The J-shaped relationship was seen in older
individuals but not in the younger patients. It was seen in those
with more advanced renal failure. Those with overt proteinuria
demonstrated no association of increase in death rates at lower
clinic SBP. In contrast to younger patients with less severe renal
failure, patients with more severe renal failure or those who
were older had the most escalation in death risk at lower SBP.
reported by Bakris et al. (4), who studied the relative importance of simultaneous consideration of SBP and DBP on the
outcome of ESRD in patients who participated in the Reduction
in endpoints in NIDDM with the Angiotensin II Antagonist
Losartan (RENAAL) Study. They found that 10-mmHg increases in SBP increased the risk for ESRD 17%, but this relationship was not seen for DBP. A direct and graded relationship
was also reported between baseline and achieved BP during
follow-up in patients who participated in the Irbesartan Diabetic Nephropathy Trial (IDNT), and baseline SBP (in contrast
to DBP) was prognostically informative of renal end point of
doubling of serum creatinine or ESRD (5).
By itself, neither SBP nor DBP was sufficient to discriminate
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the mortal prognosis in patients with CKD; however, when
considered together, a higher SBP and lower DBP can better
inform the risk for future mortality in older men with CKD.
These data are also consistent with previous reports of mortality in patients with type 2 diabetes and nephropathy by Bakris
et al. (4). Although they did not report mortality outcomes, the
composite outcome of ESRD and death was increased 17% with
a 10-mmHg increase in SBP and fell 11% with a 10-mmHg
increase in DBP. The latter suggests that DBP can inform the
risk for future mortality. The finding that low, not high, DBP in
older individuals with CKD increases the likelihood of mortality is also consistent with other reports. For example, in people
older than 60 yr increases in SBP but reduction in DBP elevates
the risk for future coronary heart disease (20). SBP and pulse
pressure confer a greater risk for the occurrence of heart failure
compared with diastolic BP (21). Low DBP also has a greater
influence on all-cause mortality in community-based studies
(22). Similar data have emerged in hemodialysis patients, in
whom the joint consideration of SBP and DBP show directionally opposite influences on the likelihood of total mortality
(23–25). Whereas the pathophysiologic reason underlying this
relationship is obscure, a low DBP may be a marker of poor
overall health (26) and increased arterial stiffness (3) and may
be associated with compromised coronary circulation. These
data extend national guidelines that call for SBP as the major
criterion for diagnosis, staging, and therapeutic management of
hypertension, particularly in middle-aged and older Americans
to the population of patients with CKD (27,28).
Perhaps the most intriguing finding of this study is that
different levels of SBP and DBP have disparate effects on mortality and ESRD in patients with CKD. Whereas a lower SBP
and DBP is related to better ESRD outcomes, a J-shaped relationship is seen with all-cause mortality. BP of ⬍110 mmHg
systolic and ⬍70 mmHg diastolic were associated with increased all-cause mortality. SBP ⬎170 mmHg was associated
with greater mortality, but in those with such high SBP, lower
DBP (and therefore a wide pulse pressure) was further associated with increased mortality. These finding are concordant to
that reported by Pohl et al. (5), who found that SBP ⬍120
mmHg was associated with a mortality rate much higher than
that seen with SBP between 131 and 140 mmHg and were
comparable to that seen with SBP ⬎180 mmHg among patients
who participated in the IDNT study.
This study extends the previous reports of a J curve by
discovering potential risk factors that may be associated with
worse outcomes. Specifically, those with more advanced age,
lower eGFR, or a combination of these factors had worse outcomes. Patients with significant proteinuria seemed to show no
J curve. These data begin to explain the observations of
Kovesdy et al. (8), who found a reverse association of BP and
mortality after multivariate adjustments in veterans with CKD.
It is likely that similar mechanisms may have been operative in
their study.
This study has several strengths and limitations. Mortality
and ESRD were ascertained not just via a computerized database query but also by searching each patient’s record for the
onset of ESRD. BP was prospectively obtained over two visits
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by a research nurse, and the average of these BP was used. I
used the arm with the higher BP for subsequent measurements
because interarm BP differences can influence mortality outcomes (29). Furthermore, information on proteinuria, GFR, and
coronary artery disease, important risk factors for mortality and
ESRD outcomes, was prospectively collected, and patients had
long-term follow up for up to 7 yr after inception of the cohort.
There are several limitations of our data. First, this study is
limited to predominantly male veterans and may not apply to
younger people and women. In younger people with CKD,
high DBP is likely to be more damaging (30). Although the
sample size was small, a large number of events provided
adequate power to perform these analyses. Second, I did not
collect follow-up BP, medication, and proteinuria information
and thus cannot comment on the time dependence of the outcomes on these risk factors; however, other studies inform that
lowering SBP to the 120- to 130-mmHg range is associated with
better renal outcomes (4,5).
Broad goals of treatment of patients with CKD are to prolong
the time to dialysis, prevent cardiovascular disease, and extend
life. BP control is the mainstay of stalling progression of CKD,
but its impact on reducing cardiovascular events in patients
with CKD has not been observed in randomized trials (6,31,32).
Given that BP may have disparate effects on ESRD and mortality outcomes, aggressive lowering of BP, especially in older
patients or those with advanced CKD, may be deleterious. In
fact, lowering SBP to ⬍110 mmHg has been associated with
worsening of progression of CKD (19). ESRD and mortality are
often analyzed as a composite outcome in clinical trials, which
may miss the opportunity to discover disparate pathways that
may mediate these outcomes. Establishing risk factors that
accelerate progression of renal disease and distinguishing them
from those that increase mortality would be an important research goal so that we may refine recommendations on preparation for ESRD versus more aggressive control of cardiovascular disease on the basis of these risk factors. Finding the optimal
BP targets can be determined only in randomized trials, but
lowering BP to ⬍110/70 mmHg in older people with CKD
should be avoided, especially when they have advanced CKD
and absence of clinical proteinuria. Targeting a mean arterial
pressure without attention to SBP and DBP components should
be abandoned altogether in older individuals.

Disclosures
None.
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