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Summary
Background and objectives Hypertension is an important cause of chronic kidney disease (CKD). Identifying
risk factors for progression to CKD in patients with normal kidney function and hypertension may help
target therapies to slow or prevent decline of kidney function. Our objective was to identify risk factors for
development of incident CKD and decline in estimated GFR (eGFR) in hypertensive patients.
Design, setting, participants, & measurements Cox proportional hazards models were used to assess the relationship between incident CKD (defined as eGFR ⬍60 ml/min per 1.73 m2) and potential risk factors for
CKD from a registry of hypertensive patients.
Results Of 43,305 patients meeting the inclusion criteria, 12.1% (5236 patients) developed incident CKD. Diabetes was the strongest predictor of incident CKD (hazard ratio, 1.96; 95% confidence interval, 1.84 to 2.09)
and was associated with the greatest rate of decline in eGFR (⫺2.2 ml/min per 1.73 m2 per year). Timevarying systolic BP was associated with incident CKD with risk increasing above 120 mmHg; each 10mmHg increase in baseline and time-varying systolic BP was associated with a 6% increase in the risk of
developing CKD (hazard ratio, 1.06; 95% confidence interval, 1.04 to 1.08 for both). Time-weighted systolic
BP was associated with a more rapid decline in eGFR of an additional 0.2 ml/min per 1.73 m2 per year decline for every 10-mmHg increase in systolic BP.
Conclusions We found that time-varying systolic BP was associated with incident CKD, with an increase in
risk above a systolic BP of 120 mmHg among individuals with hypertension.
Clin J Am Soc Nephrol 6: 2605–2611, 2011. doi: 10.2215/CJN.02240311

Introduction
Hypertension is highly prevalent, affecting approximately one-third of adults in the United States (1). It
is one of the leading causes of chronic kidney disease
(CKD) (2), which affects almost one in seven people
(3). Identifying risk factors for progression to CKD in
patients with hypertension may help target therapies
to slow or prevent decline of kidney function. To date,
however, only a few risk factors for development of
CKD have been identified (4 – 6). Blood pressure (BP)
control in hypertensive CKD patients has been demonstrated to slow progression of kidney function decline in patients with established CKD (7). However,
little is known about the effect of BP control in hypertensive patients without CKD, and there is ongoing
controversy about the level of BP control needed to
slow or prevent kidney disease progression (8).
Accordingly, in this study we identified risk factors
associated with the development of incident CKD in
hypertensive subjects with normal or near-normal
kidney function at baseline in a large integrated
healthcare delivery system. Second, we identified risk
factors associated with the rate of decline of estimated
www.cjasn.org Vol 6 November, 2011

GFR (eGFR). Finally, we also assessed the prospective
relationship between BP levels over time and the
development of incident CKD.
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Materials and Methods
Setting and Patients
We conducted a retrospective cohort study of patients in a hypertension disease registry at Kaiser
Permanente Colorado, a group model health maintenance organization that serves approximately 500,000
people primarily in the Denver metropolitan area.
The registry contains demographic data, outpatient
BP measurements, laboratory data, medications dispensed, and utilization information between January
1, 2000, and December 31, 2007. Patients were eligible
for inclusion into the hypertension registry if they met
one or more of the following criteria: (1) two or more
diagnosis codes for hypertension; (2) one or more
diagnosis codes for hypertension plus a prescription
for an antihypertensive medication; (3) one or more
diagnosis codes for hypertension plus one or more
elevated BP readings (defined as ⬎140/90 mmHg for
patients without diabetes, ⬎130/80 mmHg for those
with diabetes); or (4) two or more elevated BP readCopyright © 2011 by the American Society of Nephrology
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ings. This latter inclusion criterion assured that individuals
with clinically undiagnosed hypertension would also be
included. The validity of these criteria has been established
previously (9). An index date was defined as the date of the
first creatinine measurement at least 90 days after entry
into the hypertension registry. Patients were required to be
enrolled in the health plan for at least 90 days before the
index date to ensure the ability to capture baseline comorbidity data. In addition, patients needed a minimum of
three measurements of serum creatinine at least 1 month
apart, with at least 1 year between the first measurement
and the final measurement. The first two measurements
were required to ensure appropriate categorization of their
baseline eGFR, and the third measurement was required to
insure sufficient period of observation for the outcome of
interest. Only outpatient creatinine values were used to
minimize the effect of temporary fluctuations in creatinine
that can occur with acute illness. Patients were excluded if
they had established CKD at baseline (defined as either
eGFR ⬍60 ml/min per 1.73 m2) or the presence of albuminuria (defined as urine albumin to creatinine ratio
⬎0.030 in mg/mg). Figure 1 depicts the number of individuals excluded at each step.
Definitions
We defined baseline comorbidities (diabetes, coronary
heart disease, cerebrovascular disease, congestive heart
failure, and peripheral vascular disease) using combinations of ICD-9 codes and laboratory data. These diagnoses
were considered present at baseline if they were first recorded at visits before or up to 180 days after the index
date.

Figure 1. | Inclusion criteria for analysis. CKD, chronic kidney
disease.

We defined eGFR using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation (10). The
CKD-EPI equation was chosen over the widely used Modification of Diet in Renal Disease equation because of the
reported improved performance at higher GFR values. We
repeated our analysis using the four-variable abbreviated
Modification of Diet in Renal Disease study equation (11);
this analysis provided similar results and is not described
further. Nonphysiologic eGFR values were set to a maximum of 200 ml/min per 1.73 m2 (12).
The primary outcome of interest, time to incident CKD,
was defined using the National Kidney Foundation Kidney Disease Outcome Quality Initiative (NKF-K/DOQI)
definition of eGFR ⬍60 ml/min per 1.73 m2) persisting for
at least 3 months (11). We considered CKD as being present if there was at least one eGFR ⬍60 ml/min per 1.73 m2)
at least 3 months after the first eGFR ⬍60 ml/min per 1.73
m2), with no intervening values ⱖ60 ml/min per 1.73 m2).
To assess the effect of longitudinal BP measurements
with incident CKD, time-varying BP was included as a
covariate. To improve the precision of the estimate of the
exposed BP, BP values were averaged in 6-month intervals.
If there were no values for an individual in the 6-month
block, the last value was carried forward (13,14).
To assess the effect of longitudinal BP measurements
and eGFR decline, time-weighted average systolic BP (SBP)
for all measurements before the follow-up date was included as a covariate rather than a simple mean of all BP
readings. A time-weighted average approximates the area
under the curve for BP over time and was calculated by
multiplying each SBP reading by the proportion of the
entire time period of observation between that reading and
the next, or the follow-up date for the last measurement
used. The sum of these values constitutes the timeweighted SBP. Time weighting of SBPs in a series improves the precision of the measurement and allows
accounting for all values in the data set but minimizes
the upward bias of a simple average that can occur when
there are frequent follow-up appointments for uncontrolled hypertension (15).
Statistical Methods
We compared baseline characteristics of those who developed CKD with those who did not using Wilcoxon
rank-sum tests for continuous variables and chi-squared
tests for dichotomous or categorical variables. Cox proportional hazards models were utilized to identify risk factors
for incident CKD. Covariates that were included in the
model included age, gender, race/ethnicity, baseline
eGFR, baseline and time-varying SBP, HDL cholesterol,
body mass index, and baseline comorbidities. In the subset
of patients with diabetes at baseline, hemoglobin A1c was
added to the model in a separate analysis. For the 187
patients with missing hemoglobin A1c data (1.9% of the
diabetic population), a single median value was used for
imputation. Model discrimination was assessed with the
c-statistic. We performed a competing risk analysis to determine whether censoring these patients at the time of
death biased our results. There were no substantive differences in the hazard ratios in the models comparing patients who developed CKD and those who developed CKD
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or died, suggesting that our modeling was not confounded
by the competing risk of death (data not shown) (16).
We used general linear mixed-effects models (random
slope and random intercept) to estimate the rate of decline
in eGFR and the degree to which the baseline covariates
predicted eGFR. Repeated measures within each patient
were modeled as linear time trend (growth curve) model.
The intercept coefficients represent the within subgroup
difference in baseline eGFR. The slope coefficients (time, or
time ⫻ variable interaction in the statistical model) represent effects on the rate of change of eGFR per year, where
a negative number represents a greater decline in kidney
function.
To better understand the relationship between timevarying SBP and time to incident CKD, we first assessed
the relationship of quartiles of time-varying SBP and cumulative incidence of CKD. Time-varying SBP was divided into quartiles rather than arbitrary categories, because these were observed values (rather than goal or
target BP values). Second, a penalized smoothing spline

basis function (with three degrees of freedom for the nonlinear part and one degree of freedom for the linear part)
was used to show the unadjusted smoothed centered log
hazard function of time-varying BP and time to incident
CKD.
All analyses were conducted with SAS, version 9.1 (SAS
Institute, Cary, NC), with the exception of the penalized
smoothing spline, which was performed with R, version
2.8.1 (R Development Core Team, 2008, R: A language and
environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. ISBN 3-90005107-0; http://www.R-project.org).

Results
There were 43,305 patients who met our entry criteria
(Figure 1). These individuals were followed for a median
of 44.0 (interquartile range [IQR], 28.6 to 60.1) months and
had a median of six serum creatinine measurements (IQR,
4 to 9) during the study period. The median baseline SBP
was 132 mmHg, diastolic BP was 80 mmHg, the median

Table 1. Baseline characteristics

Total (n ⫽ 43,305)
Age, years
Male gender
Race/ethnicity
African American
Hispanic/Latino
Caucasian
other
missing
Period of observation, months
Number of creatinine
measurements
Number of BP measurements
per year of follow-up
Number of primary care visits
per year of follow-up
Number of hospitalizations per
year of follow-up
Comorbidities
diabetes
coronary heart disease
cerebrovascular disease
congestive heart failure
peripheral vascular disease
eGFR, baseline (ml/min per
1.73 m2)
Baseline systolic BP
Baseline diastolic blood pressure BP
Systolic blood pressure BP,
time-weighted
ACEI or ARB at baseline
LDL cholesterol (n ⫽ 41822)
HDL cholesterol (n ⫽ 37083)
A1c-DM subpopulation
(n ⫽ 9796)

No CKD
(n ⫽ 38,069, 87.9%)

CKD
(n ⫽ 5236, 12.1%)

P Value for
Comparison

60 (52, 69)
20,010 (46.2%)

59 (51, 68)
18,139 (47.7%)

69 (62, 75)
1871 (35.7%)

⬍0.01
⬍0.01

2352 (5.4%)
2573 (5.9%)
23,326 (53.9%)
1297 (3.0%)
13,757 (31.8%)
44.0 (28.6, 60.1)
6 (4, 9)

2128 (5.6%)
2285 (6.0%)
20,057 (52.7%)
1155 (3.0%)
12,444 (32.7%)
45.8 (30.0, 61.4)
5 (4, 8)

224 (4.3%)
288 (5.5%)
3269 (62.4%)
142 (2.7%)
1313 (25.1%)
33.2 (21.0, 47.3)
11 (8, 17)

⬍0.01
0.14
⬍0.01
0.19
⬍0.01
⬍0.01
⬍0.01

3.2 (2.0, 4.9)

3.1 (2.0, 4.8)

3.7 (2.4, 5.5)

⬍0.01

3.5 (2.3, 5.4)

3.3 (2.2, 5.1)

4.9 (3.1, 7.6)

⬍0.01

0 (0, 0.4)

0 (0, 0.4)

0 (0, 0.6)

⬍0.01

8154 (18.8%)
5419 (12.5%)
1480 (3.4%)
1872 (4.3%)
56 (0.1%)
82.0 (72.1, 92.9)
132 (122, 145)
80 (76, 90)
132.1 (125.0, 139.8)
15,945 (36.8%)
113.4 (94.5, 132.4)
51.2 (42.7, 62.5)
7.1 (6.5, 8.1)

6753 (17.7%)
4408 (11.6%)
1201 (3.2%)
1432 (3.8%)
44 (0.1%)
83.6 (73.6, 94.2)
132 (122, 144)
81 (76, 90)
131.7 (124.7, 139.2)
13,518 (35.5%)
113.8 (94.8, 132.7)
51.2 (42.7, 62.5)
7.1 (6.5, 8.1)

1401 (26.8%)
1011 (19.3%)
279 (5.3%)
440 (8.4%)
12 (0.2%)
71.6 (65.7, 80.1)
138 (126, 150)
80 (72, 88)
135.7 (128.0, 144.0)
2427 (46.4%)
110.4 (92.7, 130.5)
52.0 (42.9, 63.0)
7.3 (6.6, 8.2)

⬍0.01
⬍0.01
⬍0.01
⬍0.01
0.05
⬍0.01
⬍0.01
⬍0.01
⬍0.01
⬍0.01
⬍0.01
0.18
⬍0.01

The data are presented as medians (interquartile range) or n values (%). Chi-squared likelihood ratio test was used for categorical variable
tests of significance. Wilcoxon rank-sum test was used for continuous variable tests of significance. CKD, chronic kidney disease; eGFR,
estimated GFR; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; DM, diabetes mellitus.
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baseline eGFR was 82.0 ml/min per 1.73 m2 (IQR, 72.1 to
92.9) (Table 1). There were 2590 patients (5.9% of the cohort) who died during the follow-up period (data not
shown). As shown in Table 1, 5236 patients, or 12.1% of the
cohort, developed CKD.
The results of the multivariable regression analysis of
predictors of time to incident CKD are shown in Table 2.
Each 10-mmHg increase in baseline and time-varying SBP
was associated with a 6% increase in the risk of developing
incident CKD (hazard ratio [HR], 1.06; 95% confidence
interval [CI], 1.04 to 1.08; P ⬍ 0.01 for both baseline and
time-varying systolic BP). Diabetes was the strongest predictor of incident CKD (HR, 1.96; 95% CI, 1.84 to 2.09; P ⬍
0.01). In the subset of patients with diabetes, the HR associated with each 1.0-increase in hemoglobin A1c was 1.32
(95% CI, 1.26 to 1.37; P ⬍ 0.01). The c-statistic for the
adjusted Cox proportional hazards model was 0.79, indicating good model discrimination. A subanalysis of the
4716 patients who were not prescribed antihypertensive
therapy during the period of observation was performed
and did not demonstrate any substantive differences (data
not shown).
Predictors of eGFR at baseline (intercept) and of the
change of eGFR over time (slope) are shown in Table 3. The
slope of eGFR for the reference group (Caucasian, male, 60
years of age, with time-weighted SBP 133 mmHg, HDL
53.6 mg/dl without diabetes or congestive heart failure)

was ⫺1.4 ml/min per 1.73 m2 per year. Diabetes was
associated with a higher baseline eGFR but a greater rate of
decline (0.8 ml/min per 1.73 m2 per year additional decline
or a slope of ⫺2.2 ml/min per 1.73 m2 per year). Timeweighted SBP was also associated with a more rapid decline in eGFR over time of an additional 0.2 ml/min per
1.73 m2 per year decline for every 10 mmHg (for example,
⫺1.6 ml/min per 1.73 m2 per year for an individual with a
time-weighted SBP of 143 mmHg).
To better understand the relationship between SBP and
kidney function decline, we examined the adjusted cumulative incidence of CKD by quartile of time-varying SBP,
which is shown in Figure 2. We found little difference in
the cumulative incidence of CKD in the first two quartiles
(representing SBP 60 to 122 mmHg and 122 to 132 mmHg);
however, the rates of incident CKD increase with higher
time-varying SBP. To assess the inflection point above
which the log hazard of time to incident CKD increases, an
unadjusted penalized smoothing spline model was performed (Figure 3). This model showed that time-varying
SBP values above approximately 120 mmHg were associated with a steady increase in the risk of incident CKD.

Discussion
In a large community-based registry of patients with
hypertension, we found that time-varying SBP was associated with incident CKD, with a steady increase in risk of

Table 2. Multivariable Cox proportional hazards analysis of predictors of incident CKD (n ⴝ 43,305)

Unadjusted HR
(95% CI)

Unadjusted P
Value

Adjusted HR
(95% CI)

Adjusted P
Value

Age (in decades)
Gender

1.98 (1.93, 2.03)

⬍0.01

1.60 (1.55, 1.65)

⬍0.01

female (versus male)
Race/ethnicity
African American
Hispanic/Latino
Caucasian (referent)
other
missing
Comorbidities
diabetes
coronary heart disease
cerebrovascular disease
congestive heart failure
peripheral vascular disease
eGFR, baseline (per 10 ml/
min per 1.73 m2)
Systolic BP, baseline (per 10
mmHg)
Systolic BP, time-varying
(per 10 mmHg)
HDL ⬍40 mg/dl
Body mass index
A1c-DM subpopulation
(n ⫽ 9982, imputed
missing)

1.53 (1.45, 1.62)

⬍0.01

⬍0.01
1.60 (1.51, 1.70)

0.63 (0.55, 0.72)
0.81 (0.72, 0.92)
1.00
0.79 (0.66, 0.93)
0.83 (0.78, 0.89)

⬍0.01
⬍0.01

0.88
0.50

0.01
⬍0.01

0.99 (0.86, 1.13)
1.04 (0.92, 1.18)
1.00
1.01 (0.86, 1.20)
0.92 (0.86, 0.98)

1.57 (1.48, 1.67)
1.44 (1.33, 1.55)
1.42 (1.25, 1.60)
1.90 (1.71, 2.11)
1.54 (0.87, 2.72)
0.50 (0.49, 0.52)

⬍0.01
⬍0.01
⬍0.01
⬍0.01
0.14
⬍0.01

1.96 (1.84, 2.09)
1.24 (1.15, 1.33)
1.08 (0.95, 1.22)
1.51 (1.36, 1.67)
1.82 (1.03, 3.22)
0.55 (0.54, 0.57)

⬍0.01
⬍0.01
0.25
⬍0.01
0.04
⬍0.01

1.11 (1.09, 1.12)

⬍0.01

1.06 (1.04, 1.08)

⬍0.01

1.13 (1.11, 1.15)

⬍0.01

1.06 (1.04, 1.08)

⬍0.01

0.93 (0.87, 1.00)
0.98 (0.98, 0.99)
1.15 (1.11, 1.19)

0.06
⬍0.01
⬍0.01

1.17 (1.08, 1.26)
1.01 (1.01, 1.02)
1.32 (1.26, 1.37)

⬍0.01
⬍0.01
⬍0.01

0.88
0.01

CKD, chronic kidney disease; HR, hazard ratio; CI, confidence interval; eGFR, estimated GFR; ACEI, angiotensin-converting
enzyme inhibitor; ARB, angiotensin receptor blocker; DM, diabetes mellitus.
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Table 3. Coefficients of the intercepts and slopes of the eGFR progression analysis

Variables that affect the intercept
Intercept
Age (decades)
Female gender (versus male)
Race/ethnicity
African American
Hispanic/Latino
Caucasian (referent)
other
missing
Diabetes
Systolic BP, time-weighted (per 10 mmHg)
HDL, time-weighted (per 10 mg/dl)
Variables that affect the slope
Time (years)
Age (decades)
Female gender (versus male)
Diabetes
Congestive heart failure
Systolic BP, time-weighted (per 10 mmHg)
HDL, time-weighted (per 10 mg/dl)

Coefficient (95% CI)

P

80.9 (80.7, 81.1)
⫺5.1 (⫺5.2, ⫺5.0)
1.2 (1.0, 1.4)

⬍0.01
⬍0.01
⬍0.01

4.1 (3.6, 4.6)
3.7 (3.2, 4.2)
1.0
1.7 (1.0, 2.3)
1.0 (0.7, 1.2)
2.9 (2.6, 3.2)
0.2 (0.2, 0.3)
0.2 (0.1, 0.3)
⫺1.4 (⫺1.4, ⫺1.3)
⫺0.2 (⫺0.2, ⫺0.2)
⫺0.8 (⫺0.8, ⫺0.7)
⫺0.8 (⫺0.9, ⫺0.7)
⫺0.3 (⫺0.5, ⫺0.2)
⫺0.2 (⫺0.2, ⫺0.2)
0.1 (0.0, 0.1)

⬍0.01
⬍0.01
⬍0.01
⬍0.01
⬍0.01
⬍0.01
⬍0.01
⬍0.01
⬍0.01
⬍0.01
⬍0.01
⬍0.01
⬍0.01
⬍0.01

The intercept coefficients represent the within-subgroup difference in baseline estimated GFR (eGFR). The slope coefficients
represent the rate of change of eGFR per year, where a negative number represents a decline in kidney function. CI, confidence
interval.

Figure 2. | Adjusted cumulative incident of chronic kidney disease by time-varying systolic BP.

incident CKD above an SBP of 120 mmHg. Time-weighted
SBP was associated with a more rapid decline of kidney
function. Diabetes was the strongest predictor of incident
CKD, and more rapid decline of kidney function and
worse glycemic control were associated with greater risk.

This study provides further evidence supporting the role
of BP and other traditional risk factors like diabetes in the
initiation and progression of kidney function decline in
hypertensive patients with normal kidney function at baseline.
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Figure 3. | Unadjusted penalized smoothing spline of the risk of
incident chronic kidney disease by time-varying systolic BP.

Our study was unique in its focus on patients with
normal or near-normal kidney function at baseline and
incident CKD as the outcome of interest. CKD is an important outcome because it is associated with increased risk
for cardiovascular disease, and it is a precursor to endstage renal disease. Inclusion of eGFR slope as an outcome
is also important because predicting those with a faster
decline in kidney function is more important than the
dichotomous outcome of achieving a threshold value of
eGFR. Therefore, identification of patients who are more
likely to progress to CKD or to have kidney function
decline may provide opportunities for early intervention to
reduce the risk of kidney disease progression.
Although many of the predictors for incident CKD that
we identified were similar to those identified in prior
studies (4 – 6), none of them had the extensive BP data
available as did our study, and they only included baseline
BP in their analyses. In a cohort of 722 hypertensive male
veterans with eGFR ⬎60 ml/min per 1.73 m2, Vupputuri et
al. (17) found that higher treated BP was associated with
early kidney function decline (defined as a rise in serum
creatinine ⱖ0.6 mg/dl). They found that a 1-SD increase in
SBP (or about 18 mmHg) was associated with a relative
risk of 1.81 (95% CI 1.29 to 2.55) for early kidney function
decline. They found a similar eGFR change of ⫺1.34 ml/
min per 1.73 m2 per year, but a larger effect of SBP on eGFR
decline (multivariable adjusted decline of 0.92 ml/min per
1.73 m2) per year for a 1-SD increase in SBP (or about 18
mmHg), although they did not evaluate the risk of incident
CKD, and a threshold SBP for incident CKD was not
identified.
The patients in this cohort who developed CKD were
more likely to be hospitalized than the comparison group.
Hospital-related acute kidney injury is an important potential risk factor for future development of CKD, and this
finding supports the need for further investigation in this
area. In addition, patients who developed CKD had a
lower eGFR at baseline, which suggests that they were
possibly already on the continuum of progression to CKD,
although not yet at stage 3 CKD (the stage at which NKFK/DOQI guidelines suggest that one can diagnose CKD
without evidence of renal injury). Improved accuracy in
measurement of eGFR by use of the CKD-EPI equation at

higher levels of eGFR may help to more accurately identify
patients at risk for decline in kidney function (10).
Although the ability of angiotensin-converting enzyme
inhibitors and angiotensin receptor blockers to blunt the
decline in eGFR is an important clinical question, evaluating this question in an observational study is susceptible to
substantial “confounding by indication,” because patients
at higher risk of decline in kidney function caused by their
comorbid health conditions are more likely to receive these
medications. In fact, the patients in our cohort who developed CKD were more likely to be on angiotensin-converting enzyme inhibitors and angiotensin receptor blockers at
baseline. Because our goal was to assess the effect of SBP
control, however achieved, on eGFR, we did not assess the
comparative effectiveness of different approaches to treating hypertension on our findings.
Our study has limitations. First, our study may be subject to ascertainment bias, because the patients who developed CKD had more contact with the system (more primary care visits) and more measurements of BP and serum
creatinine (Table 1). This greater degree of contact may
have been a cause of the observed associations, because
those who had greater contact and more measurements
had a greater opportunity to have their progression to
CKD detected. Greater system contact could also have
been a result of the higher risk of CKD, because patients
with a greater tendency to develop CKD because of their
comorbidities could have been followed more closely, resulting in a greater number of measurements. These alternative explanations cannot be fully explored in this observational study. Although this study is more susceptible to
ascertainment bias that could be reduced by a carefully
controlled, prospective observational study, it is less susceptible to selection bias, because it evaluates the experience of a large and more representative sample of community members. Finally, as with all retrospective studies,
unmeasured confounding is likely to have been present.
The strengths of our study include the large sample size,
long duration of follow-up, and representative sample including individuals with untreated hypertension (defined
as ⬎140/90 for patients without diabetes, ⬎130/80 for
those with diabetes). In addition to describing predictors of
decline in kidney function in patients with hypertension,
our data suggest that even treated BP above approximately
120 mmHg is associated with increased risk of incident
CKD. This is an observational study, and therefore its
results should not be viewed as conclusive, but it supports
the need for well designed randomized controlled trials to
test the best targets for BP therapy to decrease risk of
important consequences of hypertension including CKD.
The target SBP to prevent or delay the complications of
hypertension is an important question and not fully assessed (8); observational studies such as ours (18,19) and
post hoc analyses of achieved BP in randomized controlled
trials (20,21) suggest an increase in complications in patients with SBP ⬎120 mmHg, whereas other studies have
suggested there may be an increase in risk or no benefit at
lower levels of achieved BP (22–24). Randomized trials
performed to date have not fully answered the question of
optimal target BP because of small differences in achieved
BP between treatment arms, failure to achieve low targets,
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or limitation of the study population to patients with advanced CKD (8). Because there exists a discrepancy between observational studies, which support lower targets
and randomized trials, which fail to support lower targets
in patients without proteinuria, the National Institutes of
Health has funded the Systolic Blood Pressure Intervention
Trial (SPRINT), designed to test the benefit and risk of
intensive SBP control (⬍120 mmHg) versus standard treatment (⬍140 mmHg) and its effect on cardiovascular outcomes and kidney disease progression in patients with and
without kidney disease. We hope that this large randomized control trial will answer this important question.
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