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BP Reduction, Kidney Function Decline, and
Cardiovascular Events in Patients without CKD

Rita Magrico,’ Miguel Bigotte Vieira,? Catarina Viegas Dias,® Lia Leitdo,* and Jodo Sergio Neves™®

Abstract

Background and objectives In the Systolic Blood Pressure Intervention Trial (SPRINT), intensive systolic BP
treatment (target <120 mm Hg) was associated with fewer cardiovascular events and higher incidence of kidney
function decline compared with standard treatment (target <140 mm Hg). We evaluated the association between
mean arterial pressure reduction, kidney function decline, and cardiovascular events in patients without CKD.

Design, setting, participants, & measurements We categorized patients in the intensive treatment group of
the SPRINT according to mean arterial pressure reduction throughout follow-up: <20, 20 to <40, and =40 mm
Hg. We defined the primary outcome as kidney function decline (=30% reduction in eGFR to <60 ml/min per
1.73 m? on two consecutive determinations at 3-month intervals), and we defined the secondary outcome as
cardiovascular events. In a propensity score analysis, patients in each mean arterial pressure reduction category
from the intensive treatment group were matched with patients from the standard treatment group to calculate the
number needed to treat regarding cardiovascular events and thenumber needed to harm regarding kidney function
decline.

Results In the intensive treatment group, 1138 (34%) patients attained mean arterial pressure reduction <20 mm
Hg, 1857 (56%) attained 20 to <40 mm Hg, and 309 (9%) attained =40 mm Hg. Adjusted hazard ratios for
kidney function decline were 2.10 (95% confidence interval, 1.22 to 3.59) for mean arterial pressure reduction
between 20 and 40 mm Hg and 6.22 (95% confidence interval, 2.75 to 14.08) for mean arterial pressure reduction
=40 mm Hg. In propensity score analysis, mean arterial pressure reduction <20 mm Hg presented a number
needed to treat of 44 and a number needed to harm of 65, reduction between 20 and <40 mm Hg presented a
number needed to treat of 42 and a number needed to harm of 35, and reduction =40 mm Hg presented a number
needed to treat of 95 and a number needed to harm of 16.

Conclusions In the intensive treatment group of SPRINT, larger declines in mean arterial pressure were associated
with higher incidence of kidney function decline. Intensive treatment seemed to be less favorable when a larger
reduction in mean arterial pressure was needed to attain the BP target.
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confidence interval [95% CI], 2.44 to 5.10; P value
<0.001) (2). This finding was unexpected, because
hypertension control was thought to be associated
with a lower rate of kidney function decline (3,4).
We hypothesize that a greater difference between

Introduction

Hypertension is a major public health issue, and it is
expected to affect 1.56 billion people worldwide by
2025 (1). The Systolic Blood Pressure Intervention
Trial (SPRINT) was a multicenter, randomized, con-

trolled trial comparing intensive with standard sys-
tolic BP control (<120 versus <140 mm Hg) in patients
without diabetes and with high cardiovascular risk.
It showed lower rates of fatal and nonfatal major cardio-
vascular events in the intensive treatment group. The trial
was stopped earlier (after 3.26 years of follow-up) due to a
significantly lower rate of the primary outcome in the
intensive treatment group.

However, in patients without prior kidney disease,
intensive treatment was associated with an higher
incidence of kidney function decline defined by a
=3(0% reduction in eGFR to <60 ml/min per 1.73 m?
on two consecutive laboratory determinations col-
lected at 3-month intervals (hazard ratio, 3.49; 95%
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the baseline mean arterial pressure (MAP) and the
lowest attained MAP may be associated with a higher
risk of kidney function decline. We aimed to test
whether there was an association between the mag-
nitude of MAP reduction and the incidence of kidney
function decline in the intensive treatment group of
the SPRINT.

Materials and Methods

We performed a secondary data analysis of the
SPRINT database using the dataset that was released
with the SPRINT Data Analysis Challenge (5). The
SPRINT was a multicenter, randomized, controlled
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trial that included 9361 patients with an age of at least 50
years old, a systolic BP of 130-180 mm Hg, and high risk of
cardiovascular events. Patients with diabetes mellitus or
prior stroke were excluded (2). Detailed inclusion and
exclusion criteria are listed in the supplementary appendix
of the SPRINT (3). The study was conducted in accordance
with Good Clinical Practice, all applicable subject privacy
requirements, and the guiding principles of Helsinki.
We submitted our protocol to the ethics committee of
one author’s institution (Hospital Garcia de Orta) and re-
ceived an exemption certificate according to the application
rules of the National Heart, Lung, and Blood Institute data
repository.

We analyzed patients without prior CKD, defined as
eGFR<60 ml/min per 1.73 m?, in the intensive treatment
group and excluded those without any BP measurements
during follow-up or lacking baseline eGFR values.

MAP was calculated for each patient (one third of the
systolic BP value plus two thirds of the diastolic BP value).
We created a new variable (MAP reduction) corresponding
to the difference between baseline MAP and minimum
MAP achieved throughout follow-up. We categorized
patients according to MAP reduction as <20, 20 to <40,
and =40 mm Hg.

Primary outcome was kidney function decline as defined
in the SPRINT protocol (3): a =30% reduction in eGFR to
<60 ml/min per 1.73 m? on two consecutive laboratory
determinations collected at 3-month intervals. Secondary
outcome was the occurrence of cardiovascular events as
defined in the primary composite outcome of the SPRINT
(myocardial infarction, acute coronary syndrome not result-
ing in myocardial infarction, stroke, acute decompensated
heart failure, and mortality from cardiovascular causes).

To assess the crude association between MAP reduction
and primary and secondary outcomes, we performed
Kaplan-Meier curve and log rank tests. We performed a
Cox proportional hazards model adjusted for the following
potential confounders: age, sex, black race, smoking status,
cardiovascular disease (clinical or subclinical), number of
antihypertensive agents, statin and aspirin use, ratio of
urinary albumin to creatinine, and baseline MAP. A test for
trend over categories of MAP reduction was performed
where each category median was modeled as a continuous
variable in the regression model. Additionally, we also
performed the Cox proportional hazards models using
MAP reduction as a continuous variable. The proportional
hazards assumption was tested, and there was no evidence
of violation.

We also performed a supplementary analysis including a
Cox proportional hazards model analysis adjusted for the
same confounders but categorizing patients according to a
20-mm Hg cutoff of systolic BP and diastolic BP reduction
and a 5-mm Hg cutoff of MAP, systolic BP, and diastolic BP
reduction. We performed the same analysis according to
MAP, systolic BP, and diastolic BP tertiles.

We then analyzed the group of patients in each category
of MAP reduction in the intensive treatment group,
matching them to patients in the standard treatment group
with similar baseline characteristics. We used a propensity
score, which included the following baseline covariates:
age, sex, black race, smoking status, cardiovascular disease
(clinical or subclinical), number of antihypertensive agents,

statin and aspirin use, ratio of urinary albumin to creat-
inine, systolic BP, diastolic BP, eGFR, glucose, total cho-
lesterol, HDL, and triglycerides. We calculated the number
needed to treat (NNT) over the course of the trial consid-
ering the absolute risk reduction of cardiovascular events
between matched groups and the number needed to harm
(NNH) considering the absolute risk increase of kidney
function decline in matched groups.

We also evaluated the association between kidney func-
tion decline and cardiovascular events and the effect
modification by treatment group. For this analysis, we
used a Cox proportional hazards model with cardiovas-
cular events as outcome and assessed the interaction
between intensive treatment and kidney function decline
with a likelihood ratio test for the interaction.

Because the degree of missing data was low (described in
Results below), patients with missing values in any one of
the variables of the adjusted Cox proportional hazards
model or the propensity score model were excluded. For
those participants lost to follow-up, we used all available
information until the time of last assessment.

Continuous variables are presented as means*SD when
normally distributed or medians (25th percentiles to 75th
percentiles) when not normally distributed. Categorical
variables are presented as percentages. A two-sided P value
of <0.05 was considered statistically significant. Stata/IC
14.1 was used.

Results

We included 3304 patients in our analysis of the intensive
treatment group after excluding 1332 with previous CKD,
34 without any value of BP during follow-up, and eight
patients without baseline eGFR. The average follow-up
was 3.25 years, with a total of 10,714 person-years of
follow-up. Missing data were present in only four of the
analyzed variables. Body mass index was missing in 20
(0.6%) patients, ratio of urinary albumin to creatinine was
missing in 157 (5%) patients, statin use was missing in 17
(0.5%) patients, and aspirin use was missing in nine (0.3%)
patients. Because of missing data in at least one of these
four variables, 180 (5.4%) patients were excluded from the
adjusted analysis, which included a total of 3124 patients.

Mean baseline MAP was 10011 mm Hg. The distribu-
tion of patients according to MAP reduction categories was
as follows: 1138 (34%) patients attained <20 mm Hg, 1857
(56%) patients attained 20 to <40 mm Hg, and 309 (9%)
patients attained =40 mm Hg. There were significant differ-
ences among these groups (Table 1): patients with higher
MAP reduction were younger, had higher baseline BP
(MAP, systolic, and diastolic), and had higher values of
urinary albumin-to-creatinine ratio, total cholesterol, and HDL.
This group also had a higher proportion of current smokers.
Regarding medications, these patients were taking significantly
fewer antihypertensive agents, statins, and aspirin.

The average value of the minimum MAP achieved in each
group was 788 mm Hg for patients with MAP reduction
<20 mm Hg, 747 mm Hg for those with MAP reduction
between 20 and <40 mm Hg, and 69+8 mm Hg for patients
with MAP reduction =40 mm Hg. MAP, systolic BP, and
diastolic BP in the three categories of MAP reduction over the
course of the trial are presented in Figure 1.
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Table 1. Baseline characteristics of the study participants according to achieved mean arterial pressure reduction: <20, 20 to <40, and
240 mm Hg
Mean Arterial Pressure Reduction
Variables
<20 mm Hg, n=1138 20 to <40 mm Hg, n=1857 =40 mm Hg, n=309

Age, yr 67+9 67+9 63+9
Cardiovascular disease, % 19 18 21

Clinical 16 14 18

Subclinical 5 5 5
Women, % 33 34 37
Black race, % 35 31 40
Baseline BP, mm Hg

Systolic 128+12 143+12 163+14.8

Diastolic 72+10 81+9 94+11

Mean 91+8 102+8 117+10
No. of antihypertensive agents 1.8+1.0 1.7£1.0 1.6*+1.1
Body mass index, kg/m? 30.0%5.7 30.1%+5.7 30.4%6.6
Serum creatinine, mg/dl 0.94+0.17 0.92+0.17 0.93+0.19
eGFR, ml/min per 1.73 m? 81+15 81+16 83+17
Urinary albumin to creatinine, mg/g 7.6 (5.1-14.8) 8.9 (5.6-17.6) 12.5 (7.7-27.0)
Fasting total cholesterol, mg/dl 188+42 192+40 204+47
Fasting HDL cholesterol, mg/dl 52+13 53+14 55+16
Fasting total triglycerides, mg/dl 103 (74-140) 107 (76-150) 110 (77-168)
Fasting plasma glucose, mg/dl 99+14 99+13 99+17
Statin use, % 41 41 31
Aspirin use, % 51 50 44
Smoking status, %

Never smoked 42 44 43

Current smoker 16 14 25

Former smoker 42 42 33

Baseline characteristics of 3304 Systolic Blood Pressure Intervention Trial participants without CKD at baseline assigned to intensive BP
treatment according to achieved mean arterial pressure reduction. Values are percentages for categorical covariates, means*SD for
continuous covariates, or medians (interquartile ranges) where appropriate.

In the analyzed population, the incidence rates of kid-
ney function decline among the different subgroups of MAP
reduction were as follows: 23 (2%) events for MAP reduction
of <20 mm Hg, 77 (4%) events between 20 and <40 mm Hg,

and 27 (9%) events for =40 mm Hg.
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In the unadjusted analysis (Figure 2), the magnitude of
MAP reduction was significantly associated with kidney
function decline (P value <0.001). Compared with the

group of MAP reduction <20 mm Hg, unadjusted hazard
ratios for kidney function decline were 1.94 (95% CI, 1.22 to
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MAP reduction 240 mmHg
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Figure 1. | Inthe 3304 SPRINT participants without CKD at baseline assigned to intensive BP treatment, mean arterial pressure (MAP), systolic
BP, and diastolic BP decreased in a rapid and sustained way, and participants attained similar values in the three categories of MAP reduction.
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Figure 2. | A larger decrease in mean arterial pressure (MAP) was significantly associated with higher incidence of kidney function decline in
the 3304 SPRINT participants without CKD at baseline assigned to intensive BP treatment. Kidney function decline was defined by 30%
reduction in eGFR to <60 ml/min per 1.73 m? on two consecutive laboratory determinations collected at 3-month time intervals.

3.10) for MAP reduction between 20 and <40 mm Hg and
4.19 (95% CI, 2.40 to 7.30) for MAP reduction =40 mm Hg
(Supplemental Table 1). This association remained signifi-
cant after multivariable analysis.

The covariates included in the multivariable analysis are
described in Materials and Methods above. Compared with
the group of MAP reduction <20 mm Hg, adjusted hazard
ratios for kidney function decline were 2.10 (95% CI, 1.22 to
3.59) for MAP reduction between 20 and <40 mm Hg and
6.22 (95% CI, 2.75 to 14.08) for MAP reduction =40 mm Hg.
Age (P=0.04) and ratio of urinary albumin to creatinine
(P=0.002) were also found to be independent predictors of
kidney function decline. Unadjusted and adjusted hazard
ratios for kidney function decline according to BP reduction
tertiles (MAP, systolic, and diastolic) and categories of BP
reduction (20- and 5-mm Hg cutoffs) in the intensive treatment
group are presented in Supplemental Tables 1-7.

The association with cardiovascular events was also
evaluated in the intensive treatment group. The incidence
rates of this outcome among the different subgroups of
MAP reduction were as follows: 61 (5%) events for MAP
reduction of <20 mm Hg, 93 (5%) events between 20 and
<40 mm Hg, and 30 (10%) events for =40 mm Hg. The
unadjusted hazard ratios for cardiovascular events were
1.04 (95% CI, 0.71 to 1.52) for MAP reduction of 20 to
<40 mm Hg and 1.52 (95% CI, 0.87 to 2.64) for MAP
reduction of =40 mm Hg. The adjusted hazard ratios were
not statistically significant: 0.93 (95% CI, 0.58 to 1.49) for
MAP reduction of 20 to <40 mm Hg and 1.04 (95% CI, 0.47
to 2.31) for MAP reduction of =40 mm Hg.

The results of the continuous analysis were consistent
with the analysis of MAP reduction categories. The hazard
ratios for each 10-mm Hg of MAP reduction for kidney
function decline were 1.49 (95% CI, 1.32 to 1.69; P<<0.001) in
the unadjusted analysis and 2.27 (95% CI, 1.77 to 2.90;
P<0.001) in the adjusted model. The hazard ratios for each
10-mm Hg MAP reduction for cardiovascular events were
1.12 (95% CI, 0.97 to 1.29; P=0.13) in the unadjusted

analysis and 0.99 (95% CI, 0.77 to 1.26; P=0.91) in the
adjusted model.

To assess the risk-benefit balance of intensive treatment,
we compared the categories of patients without previous
CKD with different magnitudes of MAP reduction (Table 2)
in the intensive treatment group (17=3084) with similar
patients in the standard treatment group (n=3084). The
MAP reductions were 135 mm Hg in the intensive
treatment group with <20 mm Hg of MAP reduction and
108 mm Hg in the matched standard treatment group,
28+6 mm Hg in the intensive treatment group with MAP
reduction between 20 and <40 mm Hg and 1910 mm Hg
in the matched standard treatment group, and 476 mm
Hg in the intensive treatment group with MAP reduction
>40 and 32+11 mm Hg in the matched standard treatment
group.

Considering the propensity score analysis, there were
22 (2.1%) kidney function decline events and 38 (3.6%)
cardiovascular events in the intensive treatment group with
<20 mm Hg of MAP reduction, and there were six (0.6%)
kidney function decline events and 62 (5.9%) cardiovascular
events in the respective standard treatment group. The
hazard ratio with intensive treatment for kidney function
decline was 3.83 (95% CI, 1.55 to 9.44; P=0.004), and the
hazard ratio with intensive treatment for cardiovascular
events was 0.63 (95% CI, 0.42 to 0.94; P=0.02).

In the intensive treatment group with MAP reduction
between 20 and <40 mm Hg, there were 72 (4.1%) kidney
function decline events and 71 (4.1%) cardiovascular
events, and in the respective standard treatment group,
there were 22 (1.3%) kidney function decline events and 113
(6.5%) cardiovascular events. The hazard ratio with in-
tensive treatment for kidney function decline was 3.26 (95%
CI, 2.02 to 5.26; P<0.001), and the hazard ratio with
intensive treatment for cardiovascular events was 0.61
(95% CI, 0.45 to 0.82; P=0.02).

In the intensive treatment group with MAP reduction
>40 mm Hg, there were 26 (9.1%) kidney function decline
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events and 17 (5.9%) cardiovascular events, and in the
respective standard treatment group, there were eight (2.8%)
kidney function decline events and 20 (7.0%) cardiovascular
events. The hazard ratio with intensive treatment for kidney
function decline was 3.20 (95% CI, 1.45 to 7.07; P<<0.04), and
the hazard ratio with intensive treatment for cardiovascular
events was 0.80 (95% CI, 0.42 to 1.53; P=0.50).

Considering the absolute risk described above, patients
with an MAP reduction of <20 mm Hg presented an NNT
of 44 (absolute risk, 3.6% versus 5.9%) and an NNH of 65
(absolute risk, 2.1% versus 0.6%); patients with an MAP
reduction between 20 and <40 mm Hg presented an NNT
of 42 (absolute risk, 4.1% versus 6.5%) and an NNH of 35
(absolute risk, 4.1% versus 1.3%), and patients with an
MAP reduction =40 mm Hg presented an NNT of 95
(absolute risk, 5.9% versus 7.0%) and an NNH of 16
(absolute risk, 9.1% versus 2.8%) (Figure 3).

Regarding the association between kidney function
decline and cardiovascular events, there was no signif-
icant heterogeneity by treatment group (P for interac-
tion =0.22), with a hazard ratio of 2.44 (95% CI, 1.01 to
5.94) in the standard treatment group and a hazard ratio
of 1.10 (95% CI, 0.48 to 2.49) in the intensive treatment
group (Figure 4).

Discussion

We found that, in patients without CKD, a larger
decrease in MAP was significantly associated with higher
incidence of kidney function decline. Whereas the benefit-
risk balance of intensive treatment became less favorable
with greater MAP reduction, the development of kidney
function decline did not seem to confer an increase in
cardiovascular risk.

Most clinical studies on BP control focus on systolic or
diastolic BP instead of MAP. However, many molecular
studies of kidney responses to hypertensive stimuli (such
as salt intake or volume expansion) use MAP to compare
the effect of the interventions being studied on BP (6,7). In
critical care patients, MAP is also preferred to systolic or
diastolic BP as a measure of kidney perfusion. Several
studies show an association between MAP reduction and
higher probability of kidney injury (8-10), but most of these
studies focus on increasing MAP to a minimum threshold
in hypotensive individuals. In general, autoregulation
guarantees GFR preservation for an MAP value between
80 and 180 mm Hg (11). However, the ability of the kidney
to adapt to BP changes is affected by physiologic and
pharmacologic factors. Patients with hypertension and
elderly patients are more prone to kidney arteriosclerosis,
and they are at higher risk for impaired autoregulation (12).
Because patients included in the SPRINT were older and
had high cardiovascular risk, they represent a population
of increased susceptibility to kidney hypoperfusion with
larger decreases in MAP.

BP reduction has been shown to be renoprotective when
it is associated with a decrease in intraglomerular pressure.
In those circumstances, the decrease in GFR is expected to
be <30%, to improve or resolve on repeated measurements,
and to be associated with a slower decline of GFR in the
long term (13). In the SPRINT, kidney function decline was
>30% and confirmed on repeated measurements (2). Re-
garding eGFR decline slope, a secondary analysis of the
SPRINT by Cheung et al. (14) in patients with CKD found
that, although the rate of decline in eGFR in the intensive
treatment group and the standard treatment group was
low, the eGFR decline curve in the intensive treatment
group was actually steeper after the initial 6 months. It is

Intensive Matched
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Intensive Matched
Standard
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Intensive Matched
Standard

20 to <40 mmHg

Intensive Matched
Standard
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Figure 3. | The balance between benefits and risks becomes less favorable as MAP reduction increases, as shown by the number needed to treat
and the number needed to harm of participants assigned to intensive blood pressure control and propensity score-matched participants
assigned to standard blood pressure control, according to achieved mean arterial pressure reduction (<20 mm Hg; 20 to <40 mm Hg and 240
mm Hg). The following baseline covariates were included: age, sex, black race, smoking status, cardiovascular disease (clinical or subclinical),
number of antihypertensive agents, statin and aspirin use, systolic BP, diastolic BP, estimated glomerular filtration rate, glucose, ratio of urinary
albumin to creatinine, total cholesterol, high-density lipoproteins, triglycerides. NNT, number needed to treat; NNH, number needed to harm;

MAP, mean arterial pressure; BP, blood pressure.
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Without Kidney Function Decline  With Kidney Function Decline P Value for
no. of patients with primary outcome / total no. (%) i Hazard ratio (95% Cl)  Interaction
Cardiovascular events 310/6450 (4.8) 11/164 (6.7) —:r—.— 1.32 (0.72 - 2.40) 0.22
Standard treatment 183/3273 (5.6) 5/37 (13.5) ——— 2.44 (1.01 - 5.94)
Intensive treatment 127/3177 (4.0) 6/127 (4.7) + 1.10(0.48 - 2.49)
0-2 0-5 1-0 2-0 5-0

Decreased in patients that
developed Kidney Function Decline

Increased in patients that
developed Kidney Function Decline

Figure 4. | There was nossignificant heterogeneity by treatment group for the association between kidney function decline and cardiovascular
events of SPRINT participants without chronic kidney disease at baseline. Kidney function decline was defined by =30% reduction in eGFR to
<60 ml/min per 1.73 m? on two consecutive laboratory determinations collected at three-month time intervals. 95% Cl, 95% confidence

interval.

possible that the decrease in eGFR that we detected
corresponds to a structural injury to the kidney caused
by a sustained decrease in effective arterial blood volume
after institution of antihypertensive agents and as such,
does not correspond to a renoprotective reduction in intra-
glomerular pressure. Previous studies in patients with CKD,
including a meta-analysis of 1.7 million patients, showed an
association between a 30% reduction in eGFR and a higher
long-term risk of ESRD (15,16). Thus, in our population,
kidney function decline may be detrimental in the long term.
However, this question needs to be examined in detail in this
population.

In our analysis, kidney function decline and cardiovas-
cular events were higher in both the intensive and matched
standard groups with greater MAP reductions. This find-
ing may be explained by the fact that patients who attained
greater decrease in BP also presented higher baseline BP
and thus, might present higher cardiovascular (17) and
kidney injury risks (18). Although intensive treatment
decreases the risk of cardiovascular events across the
matched groups, it also greatly increases the risk of kidney
function decline. The balance between benefits and risks
becomes less favorable as MAP reduction increases.

Furthermore, we evaluated the association between the
occurrence of kidney function decline and cardiovascular
events in both treatment groups. Although the hazard ratio
for cardiovascular events in the standard treatment group
was higher among patients with kidney function decline
compared with patients without kidney function decline,
the interaction between kidney function decline and treat-
ment group was nonsignificant. This analysis must be
interpreted as exploratory, because it was limited by the
low number of patients who developed both kidney
function decline and cardiovascular events over the course
of the study. Adequately powered confirmatory studies
with a longer follow-up are needed to ascertain the true
effect of BP treatment-associated kidney function decline in
cardiovascular risk.

Regarding the strengths of our study, we performed a
secondary analysis of a large multicenter, randomized,
controlled trial, evaluating an unexpected finding of the
SPRINT. The definition used for kidney function decline
was prespecified in the SPRINT, requiring a 3-month
interval between two consecutive laboratory determina-
tions. Because CKD is a major known cardiovascular risk
factor (19,20), the identification of patients more likely to

develop kidney function decline with intensive BP treat-
ment is clinically relevant.

Considering limitations of our study, longitudinal cre-
atinine values were not included in the SPRINT Data
Analysis Challenge dataset, thus not allowing the compar-
ison of eGFR decline rates between groups. Moreover, it is
possible that the higher incidence of kidney function
decline was due to the unbalanced distribution of cardio-
vascular risk among categories of MAP reduction. Indi-
viduals who had a greater MAP reduction had significantly
higher BP at baseline (MAP, systolic, and diastolic), higher
total cholesterol, and higher ratio of urinary albumin to
creatinine. There was a higher proportion of current
smokers, and on average, these patients were taking a
smaller number of antihypertensive agents, statins, and
aspirin, possibly indicating that they received less medical
supervision before trial entry. However, we adjusted for
cardiovascular disease, and on the propensity score analysis,
we matched the individuals for all of the above-mentioned
variables. As in all secondary analyses, our study has an
exploratory nature, and patients were not originally
randomized for MAP reduction; therefore, it is possible
that residual confounding exists due to unmeasured vari-
ables. The relationship between benefit and risk of intensive
BP lowering must be interpreted with caution. In patients
who are hypertensive with lower cardiovascular risk than
those included in the SPRINT, the benefit of intensive BP
control and the risk of developing kidney function decline
may be different (21).

The fact that, in our analysis, the benefit-risk relationship
became less favorable with greater MAP reduction may be
important for patients and physicians, who aim for the
lowest cardiovascular risk with the lowest probability of
side effects (19-21). If this association is confirmed by
prospective studies, future recommendations for hyper-
tension treatment in this population should consider
personalized targets (according to usual MAP) rather
than a fixed cutoff for every patient.

In conclusion, MAP reduction >20 mm Hg in patients
with a target systolic BP <120 mm Hg was associated with
higher incidence of kidney function decline. The benefit-
risk balance of intensive treatment seemed to be less favorable
with greater MAP reduction. Prospective studies evaluating
the effect of MAP reduction in addition to hypertension
treatment target on kidney function decline and cardio-
vascular events are warranted.



80 Clinical Journal of the American Society of Nephrology

Acknowledgments

The authors acknowledge the patients that participated in the
Systolic BP Intervention Trial (SPRINT) and the organizers of “The
SPRINT Data Analysis Challenge” of The New England Journal of
Medicine.

The data for this analysis were obtained as a part of the SPRINT
Data Analysis Challenge. The content is solely the responsibility of
the authors and does not necessarily represent the official views of
the National Institutes of Health (NIH), the US Government, or the
SPRINT Research Group.

The results were presented, in part, at the American Society of
Nephrology Meeting, New Orleans, LA in November 2017.

Disclosures
None.

References
1. Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He
J: Global burden of hypertension: Analysis of worldwide data.
Lancet 365: 217-223, 2005
2. Wright Jr. JT, Williamson JD, Whelton PK, Snyder JK, Sink KM,
Rocco MV, Reboussin DM, Rahman M, Oparil S, Lewis CE,
Kimmel PL, Johnson KC, Goff DCJr., Fine L), Cutler JA, Cushman
WC, Cheung AK, Ambrosius WT; SPRINT Research Group: A
randomized trial of intensive versus standard blood-pressure
control. N Engl ] Med 373:2103-2116, 2015
3. TheSPRINT Research Group: Systolic Blood Pressure Intervention
Trial (SPRINT)—protocol version 4.0, 2012. Available at https://
biolincc.nhlbi.nih.gov/static/studies/sprint_pop/Protocol.pdf?.
Accessed May 22, 2017
4. Perneger TV, Nieto FJ, Whelton PK, Klag MJ, Comstock GW, Szklo M:
A prospective study of blood pressure and serum creatinine. Results
from the ‘Clue’ Study and the ARIC Study. JAMA 269: 488-493, 1993
5. Burns NS, Miller PW: Learning what we didn’tknow - The SPRINT
data analysis challenge. N Engl ] Med 376: 2205-2207, 2017
6. LuY, Wei), Stec DE, Roman R}, GeY, ChengL, Liu EY, ZhangJ, Hansen
PB, Fan F, Juncos LA, Wang L, PollockJ, Huang PL, Fu Y, Wang$, LiuR:
Macula densa nitric oxide synthase 18 protects against salt-sensitive
hypertension. /] Am Soc Nephrol 27: 2346-2356, 2016
7. Feng W, Dell’ltalia L), Sanders PW: Novel paradigms of salt and
hypertension. ] Am Soc Nephrol 28: 1362-1369, 2017
8. Leone M, Asfar P, Radermacher P, Vincent JL, Martin C: Opti-
mizing mean arterial pressure in septic shock: A critical re-
appraisal of the literature. Crit Care 19: 101, 2015
9. Velez JC, Kadian M, Taburyanskaya M, Bohm NM, Delay TA,
Karakala N, Rockey DC, Nietert P), Goodwin A}, Whelan TP:
Hepatorenal acute kidney injury and the importance of raising
mean arterial pressure. Nephron 131: 191-201, 2015
10. lzawa J, Kitamura T, Iwami T, Uchino S, Takinami M, Kellum JA,
Kawamura T: Early-phase cumulative hypotension duration and
severe-stage progression in oliguric acute kidney injury with and
without sepsis: An observational study. Crit Care 20: 405, 2016
11. CarlstromM, Wilcox CS, Arendshorst WJ: Renal autoregulation in
health and disease. Physiol Rev 95: 405-511, 2015
12. Ninomiya T, Kubo M, Doi Y, Yonemoto K, Tanizaki Y, Tsuruya K,
Sueishi K, Tsuneyoshi M, lida M, Kiyohara Y: Prehypertension

increases the risk for renal arteriosclerosis in autopsies: The
Hisayama Study. / Am Soc Nephrol 18: 2135-2142, 2007

13. Palmer BF: Renal dysfunction complicating the treatment of
hypertension. N Engl | Med 347: 1256-1261, 2002

14. Cheung AK, Rahman M, Reboussin DM, Craven TE, Greene T,
Kimmel PL, Cushman WC, Hawfield AT, Johnson KC, Lewis CE,
Opearil S, Rocco MYV, Sink KM, Whelton PK, Wright Jr. JT, Basile J,
Beddhu S, Bhatt U, Chang TI, Chertow GM, Chonchol M,
Freedman Bl, Haley W, IxJH, Katz LA, Killeen AA, Papademetriou
V, Ricardo AC, Servilla K, Wall B, Wolfgram D, Yee J; SPRINT
Research Group: Effects of intensive BP control in CKD. ] Am Soc
Nephrol 28: 2812-2823, 2017

15. ChangWX, Asakawa S, Toyoki D, Nemoto Y, Morimoto C, Tamura Y,
Ota T, Shibata S, Fujigaki Y, Shen ZY, Uchida S: Predictors and
the subsequent risk of end-stage renal disease - usefulness of 30%
decline in estimated GFR over 2 years. PLoS One 10: e0132927,
2015

16. Coresh J, Turin TC, Matsushita K, Sang Y, Ballew SH, Appel LJ,
ArimaH, Chadban §J, CirilloM, Djurdjev O, GreenJA, Heine GH,
Inker LA, Irie F, Ishani A, Ix JH, Kovesdy CP, Marks A, Ohkubo T,
Shalev V, Shankar A, Wen CP, de Jong PE, Iseki K, Stengel B,
Gansevoort RT, Levey AS: Decline in estimated glomerular fil-
tration rate and subsequent risk of end-stage renal disease and
mortality. JAMA 311: 2518-2531, 2014

17. Rapsomaniki E, Timmis A, George J, Pujades-Rodriguez M, Shah
AD, Denaxas S, White IR, Caulfield MJ, Deanfield JE, Smeeth L,
Williams B, Hingorani A, Hemingway H: Blood pressure and
incidence of twelve cardiovascular diseases: Lifetime risks,
healthy life-years lost, and age-specific associations in 1-25
million people. Lancet 383: 1899-1911, 2014

18. Tozawa M, Iseki K, Iseki C, Kinjo K, Ikemiya Y, Takishita S: Blood
pressure predicts risk of developing end-stage renal disease in
men and women. Hypertension 41: 1341-1345, 2003

19. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY: Chronic
kidney disease and the risks of death, cardiovascular events, and
hospitalization. N Engl ] Med 351: 1296-1305, 2004

20. WeinerDE, TighiouartH, Amin MG, Stark PC, MacLeod B, Griffith
JL, Salem DN, Levey AS, Sarnak MJ: Chronic kidney disease as a
risk factor for cardiovascular disease and all-cause mortality: A
pooled analysis of community-based studies. ] Am Soc Nephrol
15: 1307-1315, 2004

21. Chertow GM, Beddhus§, Lewis]B, Toto RD, Cheung AK: Managing
hypertension in patients with CKD: A marathon, not a SPRINT.
J Am Soc Nephrol 27: 40-43, 2016

Received: May 23, 2017 Accepted: October 5, 2017
R.M. and M.B.V. contributed equally to this work.

Published online ahead of print. Publication date available at www.
cjasn.org.

See related editorial, “Consequences of Overinterpreting Serum
Creatinine Increases when Achieving BP Reduction: Balancing
Risks and Benefits of BP Reduction in Hypertension,” on pages 9-10.

This article contains supplemental material online at http:/ /cjasn.
asnjournals.org/lookup /suppl/doi:10.2215/CJN.05510517 /-/
DCSupplemental.


https://biolincc.nhlbi.nih.gov/static/studies/sprint_pop/Protocol.pdf?
https://biolincc.nhlbi.nih.gov/static/studies/sprint_pop/Protocol.pdf?
http://www.cjasn.org
http://www.cjasn.org
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.05510517/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.05510517/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.05510517/-/DCSupplemental

