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Estimated glomerular filtration rate and the risk–benefit
profile of intensive blood pressure control amongst
nondiabetic patients: a post hoc analysis of a randomized
clinical trial
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California Irvine Medical Center, Orange, CA, USA; 2Dialysis Unit, Obi Clinic, Osaka, Osaka, Japan; 3Fielding School of Public Health at
UCLA, Los Angeles, CA, USA; 4Nephrology Section, Tibor Rubin Veterans Affairs Medical Center, Long Beach, CA, USA; 5Department of
Medical Statistics, Osaka City University Graduate School of Medicine, Osaka, Osaka, Japan; 6Division of Nephrology, University of
Tennessee Health Science Center; 7Nephrology Section, Memphis VA Medical Center, Memphis, TN, USA; and 8Department of Comprehensive
Kidney Disease Research, Osaka University Graduate School of Medicine, Suita, Osaka, Japan

Abstract. Obi Y, Kalantar-Zadeh K, Shintani A,
Kovesdy CP, Hamano T (University of California
Irvine Medical Center, Orange, CA, USA; Obi
Clinic, Osaka, Osaka, Japan; Fielding School of
Public Health at UCLA, Los Angeles, California,
USA; Tibor Rubin Veterans Affairs Medical Center,
Long Beach, CA, USA; Osaka City University
Graduate School of Medicine, Osaka, Osaka,
Japan; University of Tennessee Health Science
Center; Memphis VA Medical Center, Memphis,
Tennessee, USA; Osaka University Graduate
School of Medicine, Suita, Osaka, Japan).
Estimated glomerular filtration rate and the risk–
benefit profile of intensive blood pressure control
amongst nondiabetic patients: a post hoc analysis
of a randomized clinical trial. J Intern Med 2018;
283: 314–327.

Background. The Systolic Blood Pressure Intervention
Trial (SPRINT; ClinicalTrials.gov, NCT01206062)
reported reduced cardiovascular events by inten-
sive blood pressure (BP) control amongst hyper-
tensive patients without diabetes. However, the
risk–benefit profile of intensive BP control may
differ across estimated glomerular filtration rate
(eGFR) levels.

Methods. This is a post hoc analysis of the SPRINT.
Nondiabetic hypertensive adults (n = 9361) with
eGFR >20 mL per min per 1.73 m2 were enrolled
from 102 US facilities between November 2010 and

March2013andwere followedupuntil August 2015
(median follow-up, 3.26 years). Patients were ran-
domly assigned to either a systolic BP target of <120
or <140 mmHg (for intensive or standard treatment,
respectively). The outcomes of interests were the
development of (i) fatal and nonfatal major cardio-
vascular events and (ii) acute kidney injury (AKI).

Results. The cardiovascular benefit from intensive
treatment was attenuated with lower eGFR
(Pinteraction = 0.019), whereas eGFR did not mod-
ify the adverse effect on AKI (Pinteraction = 0.179).
Amongst 891 participants with eGFR <45 mL
per min per 1.73 m2, intensive treatment did not
reduce the cardiovascular outcome (54/446 vs.
54/445 events in the standard group, respec-
tively; hazard ratio [HR], 0.92; 95% CI, 0.62–
1.38) with an absolute rate difference (ARD) of
�0.02 (95% CI, �0.07 to +0.03) per 100 patient-
years, whereas it increased AKI (62/446 vs. 38/
445 events in the standard group; HR, 1.73;
95% CI, 1.12–2.66) with an ARD of +1.93 (95%
CI, +1.88 to +1.97) per 100 patient-years.

Conclusions. Intensive BP control may provide little or
no benefit and even be harmful for patients with
moderate-to-advanced chronic kidney disease.

Keywords: acute renal failure, blood pressure con-
trol, cardiovascular clinical research, chronic renal
failure, hypertension.
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Introduction

Chronic kidney disease (CKD) is an established
risk factor for cardiovascular disease [1]. Interest-
ingly, however, traditional cardiovascular risk fac-
tors, including hypertension, are paradoxically
associated with better outcomes in advanced CKD
[2], which is known as ‘reverse epidemiology’ or
risk factor paradox [3]. The Modification of Diet in
Renal Disease (MDRD) study indicated that the
renoprotective effect of intensive blood pressure
(BP) control may be attenuated amongst patients
with lower kidney function [4]. In this population,
an observational study also suggested an
increased mortality risk associated with strict BP
control [5], and cardiovascular benefit from inten-
sive BP control has not been confirmed by ran-
domized controlled trials (RCTs) [6]. By contrast,
the Systolic Blood Pressure Intervention Trial
(SPRINT) reported that whilst intensive BP control
increased the incidence of acute kidney injury
(AKI), the beneficial effect of intensive BP control
on fatal and nonfatal cardiovascular events was
not modified by the presence of CKD [i.e. estimated
glomerular filtration rate (eGFR) <60 mL per min
per 1.73 m2] [7, 8].

However, dichotomizing continuous variables often
impair the statistical power to detect meaningful
differences, which may have resulted in an appar-
ently null effect modification by CKD. The inci-
dence of both cardiovascular events and renal
outcomes, including AKI and the progression of
CKD, also substantially increases in more
advanced stages of CKD in a disproportional man-
ner [1, 9], even between stages 3a and 3b (i.e. eGFR
45–<60 vs. 30–<45 mL per min per 1.73 m2) [10].
Hence, eGFR may change the risk–benefit profile of
intensive BP control in terms of absolute risk
reduction/increase. Therefore, we conducted a
post hoc analysis of the SPRINT to examine
whether the effects of intensive BP control on
cardiovascular events and adverse events are
modified by eGFR, and we examined the relative
and absolute effects on these efficacy and safety
outcomes across more granular eGFR categories.

Methods

De-identified data from the SPRINT trial were
obtained from the National Heart, Lung, and Blood
Institute (NHLBI) Data Repository. This post hoc
analysis of SPRINT data was approved by the ethics
committee of the Japan Primary Care Association

with an exemption of written consent due to the
anonymity of the participants and the nonintrusive
nature of the research.

Details of the study design of SPRINT have been
described in the protocol (appears in Supporting
information). Briefly, the SPRINT was an open-
label RCT that enrolled hypertensive adults with an
increased cardiovascular risk (based on a history of
clinical or subclinical cardiovascular disease, CKD,
a 10-year Framingham general cardiovascular
disease risk ≥15% or age ≥75 years) from 102
facilities in the USA between November 2010 and
March 2013. Exclusion criteria consisted of type 2
diabetes, a history of stroke, eGFR ≤20 mL per min
per 1.73 m2, symptomatic heart failure within the
past 6 months or reduced left ventricular ejection
fraction (<35%), dementia, expected survival of
<3 years, unintentional weight loss (>10%) during
the preceding 6 months, systolic BP (SBP) of
<110 mmHg following 1 min of standing or resi-
dence in a nursing home. A total of 9,361 partic-
ipants were randomly assigned to a SBP target of
either <120 mmHg (intensive treatment) or
<140 mmHg (standard treatment) and were fol-
lowed up until August 2015, when the trial was
terminated early based on the significant interim
finding favouring the study intervention [7].

Study measurements

Sociodemographic data were collected at baseline,
and clinical and laboratory data were obtained at
baseline and every 3 months. Medical records and
electrocardiograms were obtained for the docu-
mentation of events. BP was determined using the
mean of three properly sized automated cuff read-
ings taken 1 min apart after 5 min of quiet rest
without staff in the room. The 4-variable Modifica-
tion of Diet in Renal Disease equation was used to
calculate eGFR [11]. A structured interview was
used in both groups every 3 months to obtain self-
reported cardiovascular disease outcomes.

Clinical outcomes

The original efficacy outcome was the composite of
myocardial infarction, acute coronary syndrome,
stroke, acute decompensated heart failure and
cardiovascular death. The other outcomes of inter-
est in this study were renal outcomes. AKI was
coded if listed in the hospital discharge summary
and confirmed by the safety officer as amongst the
top three reasons for admission or continued
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hospitalization. The eGFR-based renal outcome
amongst participants with CKD was a composite
of a ≥50% decrease in eGFR or the development of
end-stage renal disease; amongst participants
without CKD, the eGFR-based renal outcome was
defined by a ≥30% decrease in eGFR to a value of
<60 mL per min per 1.73 m2. The eGFR-based
renal outcome was confirmed by a subsequent test
≥90 days later. Incident albuminuria, defined by a
doubling of the urinary albumin-to-creatinine ratio
from <10 mg g�1 at baseline to ≥10 mg g�1, was
also evaluated for all study participants.

Statistical analysis

Given the nature of a post hoc analysis, whereby an
established population with a fixed sample size is
used, the power to detect the effect modification by
eGFR was not calculated. All analyses were con-
ducted with the intention-to-treat approach. We
used linear mixed models with an unstructured
covariance matrix, assuming random intercept and
random slope across participants, to model longi-
tudinal trajectories in SBP and DBP across two
treatment groups and four eGFR strata (i.e. <45,
45–<60, 60–<90 or ≥90 mL per min per 1.73 m2).
The fixed effects in the model included visit
months, a treatment group indicator, eGFR groups
and their two-way and three-way interactions. We
also computed hazard ratios (HRs) using Cox
proportional models with the baseline hazard
function stratified by clinic site to compare the
time to the first event for each of the four outcomes.
Proportional hazards assumptions were tested
using log–log against survival plots and Schoenfeld
residuals. Except for the eGFR-based renal out-
come where different definitions were used
between patients with vs. without CKD, the effect
modification on outcomes by eGFR was evaluated
by an interaction term between an intervention
group indicator and eGFR. Additionally, within
each eGFR stratum, the consistency of the effects
of intensive BP control on the cardiovascular
composite outcome and AKI was evaluated by an
interaction term between treatment group and
each of the prespecified variables plus diastolic
BP (DBP) [7], followed by subgroup analyses if
applicable. We conducted sensitivity analyses with
adjustment for age, sex, race, SBP and DBP and
confirmed consistent results (data not shown).
When evaluating trends and interactions, we
treated eGFR, age, SBP, DBP and log-transformed
urinary albumin-to-creatinine ratio as continuous
variables without categorization. All analyses were

carried out with two-sided tests at the 5% level of
significance using Stata/MP version 13.1 (Stata
Corp, TX, USA).

Results

Baseline characteristics

After excluding 37 patients without eGFR data at
baseline, we assessed all remaining participants,
who were randomly assigned to a SBP target of
either <120 mmHg (intensive treatment group,
n = 4662) or <140 mmHg (standard treatment
group, n = 4662; Figure 1). The mean age of the
participants was 68 (SD, 9) years, amongst whom
35% were female, and 31% were Black. Mean SBP
and eGFR at baseline were 140 (SD, 16) mmHg and
72 (SD, 21) mL per min per 1.73 m2, respectively.
Baseline characteristics are summarized according
to four eGFR categories in Table 1. Participants
with lower eGFR were more likely to be older, male,
non-Hispanic White and had a higher urinary
albumin-to-creatinine ratio. These individuals also
had lower BP and a greater number of antihyper-
tensive medications, had slightly lower cholesterol
levels and a higher prevalence of statin use, had a
slightly greater 10-year Framingham cardiovascu-
lar risk and had a higher prevalence of cardiovas-
cular disease history and aspirin use. There were
no clinically meaningful imbalances between
groups.

Blood pressure and antihypertensive medications

During the median follow-up period of 3.26 years,
participants with lower eGFR showed higher
achieved SBP, lower achieved DBP and used more
antihypertensive medications (Ptrend <0.001 for all).
Amongst patients with eGFR of ≥90, 60–<90, 45–
<60 and <45 mL per min per 1.73 m2, the mean
SBP in the intensive (vs. standard) treatment group
was 121.2 (vs. 134.8) mmHg, 121.3 (vs. 134.7)
mmHg, 122.4 (vs. 135.0) mmHg and 124.7 (vs.
135.7) mmHg, respectively (Fig. 2a), and the mean
DBP was 70.3 (vs. 77.7) mmHg, 68.8 (vs. 75.4)
mmHg, 66.5 (vs. 73.0) mmHg and 65.7 (vs. 70.8)
mmHg, respectively (Fig. 2b). The corresponding
between-group difference was 13.6, 13.4, 12.5 and
11.0 mmHg for SBP, and 7.4, 6.6, 6.5 and
5.1 mmHg for DBP, respectively. When compared
with participants with eGFR60–<90 mL per min
per 1.73 m2, decreases in SBP and DBP by inten-
sive treatment amongst those with eGFR <45 mL
per min per 1.73 m2 were attenuated by 1.5–
4.0 mmHg and 0.8–2.0 mmHg, respectively
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(Fig. 2c and d). The mean number of antihyperten-
sive medications in the intensive (vs. standard)
treatment group was 2.7 (vs. 1.7), 2.7 (vs. 1.7), 2.8
(vs. 1.9) and 3.1 (vs. 2.3), respectively, and the
difference in the increased number of medications
by intensive treatment was small across eGFR
groups (Figure S1 in Supporting information).

Clinical outcome events

A total of 562 and 310 participants developed the
cardiovascular composite outcome and AKI,

respectively, and 193 participants reached the
eGFR-based composite renal outcome. Of the
4619 participants who had a urinary albumin-to-
creatinine ratio of <10 mg g�1 at baseline, inci-
dent albuminuria was observed amongst 350
participants. Table 2 summarizes the number
and incidence rate of each outcome between the
intensive and standard treatment group across
eGFR categories. The incidence rates of cardio-
vascular events, AKI and incident albuminuria
increased as eGFR declined (Ptrend < 0.001 for
all). In the standard treatment group, those with

5331 Ineligible or declined
• <50 year of age (n = 34)
• Low systolic blood pressure at 1 min 

after standing (n = 352)
• Taking too many medications or had 

out-of-range systolic blood pressure 
(n = 2284)*

• Not at increased cardiovascular risk 
(n = 718)†

• Miscellaneous reasons (n = 703)
• Did not give consent (n = 587)
• Did not complete screening (n = 653)

14 692 assessed for eligibility

9361 randomized

4678 assigned to
intensive treatment

224 Discontinued
111 Lost to follow-up
154 Withdrew consent

4662 included in the analysis 

16 missing 
estimated GFR

4683 assigned to
standard treatment

242 Discontinued
134 Lost to follow-up
121 Withdrew consent

4662 included in the analysis

21 missing
estimated GFR

Fig. 1 Eligibility, randomization and follow-up of the study. Note: *systolic blood pressure (SBP) was required to be
between 130 and 180 mmHg for participants taking 0 or 1 medications, 130–170 mmHg for participants taking two
medications, 130–160 mmHg for participants taking three medications and 130–150 mmHg for participants taking four
medications. †Increased cardiovascular risk was defined as the presence of 1 or more of the following: (i) clinical or
subclinical cardiovascular disease other than stroke, (ii) chronic kidney disease (defined as an estimated glomerular
filtration rate (GFR) of 20 to 59 mL per min per 1.73 m2 based on the 4-variable Modification of Diet in Renal Disease
equation and the latest laboratory value within the past 6 months), (iii) Framingham risk score for 10-year cardiovascular
risk of 15% or greater based on laboratory work performed within the past 12 months for lipids or (iv) age of 75 years or
older.
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eGFR of <45 mL per min per 1.73 m2, com-
pared with participants with eGFR60–<90 mL
per min per 1.73 m2, had 2.2, 7.5 and 2.3
times higher incidence rates of the cardiovas-
cular outcome, AKI and incident albuminuria,
respectively. The incidence rate of the eGFR-
based renal outcome was not comparable
across eGFR strata due to the different defini-
tions used for this outcome in participants
with vs. without CKD (i.e. ≥50% decrease in
eGFR or end-stage renal disease, and ≥30%
decrease in eGFR to a value of <60 mL per min
per 1.73 m2, respectively).

The effect of intensive treatment on the cardiovascu-
lar outcome was significantly attenuated amongst
participants with a lower eGFR (Pinteraction = 0.019;
Fig. 3a and Table 2). Nevertheless, the between-
group differences in incidence rate [i.e. absolute rate
differences (ARD)] were similarly favourable across
groupswitheGFR≥45 mLperminper1.73 m2, likely
due to the higher incidence rates in the lower eGFR
groups. However, intensive treatment did not show
cardiovascular benefit amongst participants with
eGFR <45 mL per min per 1.73 m2 [i.e. HR (95%
CI), 0.92 (0.62 to 1.38), and ARD (95% CI), �0.02
(�0.07 to +0.03) per 100 patient-years].
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The adverse effect of intensive treatment on AKI
was not significantly modified by eGFR (Pinteraction =
0.179) and was consistently observed across eGFR
groups with an overall HR of 1.65 (1.31 to 2.08).
The ARD substantially increased along with the
increased incidence rate amongst participants with
eGFR <45 mL per min per 1.73 m2 [i.e. HR, 1.73
(1.12 to 2.66); ARD, +1.93 (+0.43 to +3.42) per 100
patient-years; Fig. 3b and Table 2]. The interven-
tion effect on incident albuminuria was not mod-
ified by eGFR (Pinteraction = 0.938), and the
intensive treatment significantly reduced the inci-
dence of incident albuminuria with an overall HR of
0.81 (0.65 to 1.00). The ARD increased along with
the increased incidence rate amongst participants
with lower eGFR (Fig. 3c). The intensive treatment
group experienced the eGFR-based renal outcome
more often than the standard treatment group
amongst participants without CKD but not
amongst those with CKD (Fig. 3d); however, the

number of events was small especially amongst
those with eGFR 45–<60 mL per min per 1.73 m2.

We further examined the consistency of the inter-
vention effect on the cardiovascular composite
outcome and AKI across subgroups of prespecified
variables plus DBP within each eGFR stratum
(Figure S2 and Table S2 in Supporting informa-
tion). The intervention effect on the cardiovascular
outcome was not significantly modified by these
factors in either eGFR strata. Amongst participants
with eGFR of <45 mL per min per 1.73 m2, the AKI
risk associated with intensive treatment was atten-
uated amongst participants with DBP ≥80 mmHg
and was pronounced amongst those with lower
DBP (Pinteraction = 0.010). The intervention effect on
AKI also appeared pronounced amongst male par-
ticipants but attenuated amongst female partici-
pants in the lowest eGFR stratum (Pinteraction =
0.045). These effect modifications were not
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observed in the other eGFR strata. Race, prior
cardiovascular disease and SBP did not modify the
effects of intensive treatment on AKI.

Effect modification by the urinary albumin-to-creatinine ratio

The urinary albumin-to-creatinine ratio did not
significantly modify the effects of intensive treat-
ment on the cardiovascular composite outcome or
AKI (Pinteraction = 0.352 and 0.301, respectively).

Discussion

In this study, we demonstrated the modification of
the effect of intensive BP control by eGFR. Partic-
ipants with a lower eGFR in the intensive treatment
group showed a higher achieved SBP and lower
achieved DBP with more hypertensive medications.
Amongst participants with eGFR <45 mL per min
per 1.73 m2, there was no significant cardiovascu-
lar benefit, but an increased risk of AKI was
present. Meanwhile, intensive BP control main-
tained a significant absolute risk reduction for the
cardiovascular outcome amongst participants with
a higher eGFR, even at the range of ≥90 mL per min
per 1.73 m2, despite their lower incidence of car-
diovascular events. Intensive treatment also
decreased the incidence of incident albuminuria
irrespective of eGFR levels whilst it decreased eGFR
amongst participants without CKD.

Higher BP is linearly associated with a greater risk
of cardiovascular disease and death in the general
population [12–15]. However, several studies of
patients with moderate-to-advanced CKD or coro-
nary artery disease have reported J- or U-shaped
relationships, in which low-to-normal BP is asso-
ciated with higher mortality [5, 16–19]. Given the
lack of definitive evidence for the benefit of strict BP
control in this population [20], there has been a
debate regarding whether the relationship between
lower BP and greater survival observed in the
‘hypertension paradox’ is causal or confounded
by the high burden of comorbid conditions. One
suggested pathophysiological mechanism for the
risk associated with lowering BP is altered cardiac
structure and function amongst patients with
cardiovascular disease due to long-standing hyper-
tension [21]. A recent observational study of
patients with advanced CKD showed that the
association between SBP and cardiovascular risk
was linearly incremental when patients did not
have cardiovascular disease history [22], support-
ing intensive BP control for such patients.

However, there remained a U-shaped association
for DBP irrespective of cardiovascular disease
history, which has made the interpretation of these
associations difficult because currently available
BP-lowering interventions decrease both SBP and
DBP. Observational studies are also subject to
potential bias due to residual confounding or
unmeasured confounders. Our study used data
from a large RCT of intensive BP control, which
enabled a direct evaluation of intensive BP control
in subgroups, and cardiovascular benefit was not
observed in stage 3b or more advanced stages of
CKD irrespective of cardiovascular disease history.

Elderly patients with moderate-to-advanced CKD
are more likely to have increased vascular stiffness
and atherosclerosis, resulting in more severe
hypertension and greater pulse pressure [23, 24].
Indeed, we observed that participants in the con-
trol group showed similar SBP across eGFR levels
but lower DBP with lower eGFR. More importantly,
participants with lower eGFR in the intensive
treatment arm required more antihypertensive
drugs and achieved higher SBP and lower DBP
during the trial period, which may partly explain
the observed changes in the risk–benefit profile of
intensive treatment. Higher achieved SBP might
have maintained renal perfusion and mitigated the
risk of developing AKI particularly at adverse
events that can further lower BP (i.e. cardiac events
and sepsis) whilst compromising the long-term
cardiovascular benefit. An excessive decrease in
DBP may also impair coronary perfusion of the
heart in the presence of stenosis as several studies
have reported the association of lower DBP with
cardiovascular events and mortality [25–27]. The
different contributions of SBP and DBP indicate a
need for careful consideration against implement-
ing intensive BP control for patients with moderate-
to-advanced CKD and high pulse pressure.

The overall effect of intensive BP control on inci-
dent albuminuria was significant. However, the
intervention did not prevent eGFR decline amongst
participants with CKD but decreased eGFR
amongst those without CKD, which is consistent
with a recently reported secondary analysis of the
SPRINT [28]. These apparently conflicting effects in
the non-CKD group may be attributed to the acute
effect of BP lowering and the greater use of renin–
angiotensin system inhibitors in the intensive
treatment arm; [29, 30] even a small negative acute
effect (i.e. a decline in eGFR in a short term) can
result in an increased type 1 error (i.e. false
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positive) for harm, especially when 30% eGFR
decline was used as a surrogate end-point amongst
patients with stage 3 or less advanced CKD (i.e.
eGFR >30 mL per min per 1.73 m2) [8, 31]. Given
that changes in urinary albumin/protein are con-
sidered a good marker of the progression of CKD
[32, 33], intensive BP control may actually be
renoprotective as suggested in systematic reviews
[6, 34]. However, the validity of urinary albumin/
protein as a surrogate for treatment effect has not
been established in all settings [35, 36]. In a
previous RCT that compared mono vs. dual ther-
apy of an angiotensin-converting enzyme inhibitor
and an angiotensin receptor blocker; [37–39] dual
therapy decreased urinary albumin and simulta-
neously increased the incidence of AKI and a
composite renal outcome (i.e. chronic dialysis or
doubling of serum creatinine). We also found an
increased incidence of AKI by intensive BP control,
the extent of which was much greater amongst
participants with eGFR <45 mL per min per
1.73 m2 than those with higher eGFR. Therefore,
the effect of intensive BP control on long-term renal
outcomes still remains to be proven across stages
of CKD.

One important limitation in our study is the
difference in the blood pressure measurement
methods in the SPRINT vs. clinical practice. In
the SPRINT, blood pressure was measured for
three times at 1-min interval with a fully auto-
mated device after patients had been seated quietly
for 5 min without the presence of observers [40].
Several studies have indicated that this unat-
tended automated office BP technique resulted in
10–20 mmHg lower SBP than conventional aus-
cultatory BP [41, 42], and the target SBP in the
intensive treatment group may translate into aus-
cultatory office SBP <130–140 mmHg, which is
close to the currently recommended target for most
hypertensive patients by all hypertension treat-
ment guidelines [40]. However, there may be
heterogeneity in the mean difference in SBP
between unattended automated vs. conventional
auscultatory office BP depending on the population
characteristics as shown in the previous studies
comparing different methods for measuring BP [43,
44]. For an extreme example, amongst hyperten-
sive African Americans with eGFR between 20 and
65 mL per min per 1.73 m2, clinic SBP was not
higher than but similar to 24-h ambulatory SBP
(134 � 20 vs. 137 � 17 mmHg) [45]. This obser-
vation is relevant to our study because approxi-
mately 30% of the participants in the SPRINT were

Black [7] and because we focused on patients with
CKD. Data regarding the use of unattended auto-
mated office BP in CKD are still scarce, if any, and
it remains unclear how to translate SBP values in
the SPRINT into those in routine office BP mea-
surement across different levels of kidney function,
especially amongst patients with moderate-to-
advanced CKD.

Several other limitations should also be acknowl-
edged in this study. This study was a post hoc
analysis of a RCT; hence, the results should be
interpreted as hypothesis generating. Secondly,
the SPRINT limited its ability to evaluate the
intervention effect on renal outcomes partly due
to a lower-than-expected eGFR decline and the
early termination of the trial [7] and a lower
prevalence of severely increased urinary albumin.
Additionally, elderly patients accounted for a
majority of participants as per the protocol [46].
Therefore, our results may not be extrapolated to
patients with overt albuminuria/proteinuria or
younger patients. Lastly, participants with stage
3b or more advanced stages of CKD accounted for
only 10% of the study population. Nevertheless,
our study included the second largest CKD popu-
lation to date, next to the African American Study
of Kidney Disease and Hypertension (AASK) trial
[47] and followed by the MDRD study [4]. Addi-
tional strength of the SPRINT over other trials
includes its multiethnic and contemporary fea-
tures.

In conclusion, the eGFR significantly modified the
risk–benefit profile of intensive BP control, and
intensive BP control may provide little or no benefit
and may be harmful for patients with eGFR <45 mL
per min per 1.73 m2. Further investigation, partic-
ularly RCTs with an adequate sample size and a
long-term follow-up, is still necessary in moderate-
to-advanced CKD.
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Figure S1. Trends in (A) the number of antihyper-
tensive medications and (B) the relative effect of
intensive treatment (reference: estimated GFR of
60 to <90 mL per min per 1.73 m2) over the follow-
up period.

Figure S2. Subgroup analyses of the effects of
intensive BP control on (A) the cardiovascular

outcome and (B) acute kidney injury across esti-
mated GFR groups.

Table S1. Between-group difference in incidence of
acute coronary syndrome, stroke, heart failure,
and cardiovascular death across categories of
baseline estimated glomerular filtration rate.

Table S2. The hazard ratios (95% CI) of intensive
blood pressure control for fatal and non-fatal
cardiovascular events and acute kidney injury
stratified by estimated glomerular filtration rate
(eGFR) and subgroups.
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