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The management of high blood pressure (BP) is crucial for improving outcomes in
patients with chronic kidney disease (CKD). The updated Kidney Disease: Improving
Global Outcomes 2021 BP guideline proposes treating adults with CKD to a target
systolic BP (SBP) of <120 mmHg based on the standardized office BP measurement.
This suggestion is largely based on the finding of SPRINT (Systolic Blood Pressure
Intervention Trial) that targeting an SBP of <120 mmHg versus <140 mmHg is
beneficial for cardiovascular and mortality outcomes, regardless of the patient’s
kidney disease status. However, extended follow-up studies of CKD trials showed
that intensive versus usual BP control was associated with a lower risk of kidney
failure in patients with, but not in those without, proteinuria. Similarly, a recent
population-based study in Korea demonstrated that the optimal on-treatment BP
for composite cardiorenal and mortality outcomes was left-shifted in adults with
CKD, particularly in those with albuminuria, relative to that in patients without
CKD. Moreover, in meta-analyses of randomized trials, more intensive versus
standard BP control was associated with a lower risk of all-cause mortality in
patients with CKD and albuminuria but not in those without CKD. Meanwhile,
a 2020 Cochrane review reported that lower BP targets (=135/85 mmHg), compared
with standard targets (<140/90 mmHg), resulted in a small reduction in cardiovascular
events, an increase in other serious adverse events, and no reduction in total
serious adverse events. Lowering SBP to <120 mmHg can potentially increase the
risk of treatment-related adverse events beyond the cardioprotective benefits,
and standardized BP measurement increases the burden on patients and resources.
Thus, targeting a BP of <130/80 mmHg with appropriate office BP measurement
can be an option in patients with CKD. The presence of albuminuria would need
to be additionally considered to determine individualized BP targets.
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Chronic kidney disease (CKD) is a common health prob-
lem worldwide and is associated with a high risk of adverse
renal and cardiovascular events. Hypertension is common
in patients with CKD, and the management of blood pres-
sure (BP) is known to be crucial for slowing the progression
of kidney disease and for reducing the rates of cardiovascular
events. In early 2021, the Kidney Disease: Improving Global
Outcomes (KDIGO) released an updated BP guideline that

suggests a target systolic BP (SBP) of <120 mmHg based on
the standardized office measurement in adults with CKD".
However, this suggestion is largely based on the results of
a single trial, SPRINT (Systolic Blood Pressure Intervention
Trial), and standardized BP measurements require efforts
from patients and health-care providers. The limitations of
the evidence and gaps between guidelines and practice will
be reviewed here.
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Table 1. Extended follow-up studies for intensive versus usual BP control in CKD

Clinical Trial
(Follow-up)

Target MAP,
mmHg

Baseline Kidney Function

Progression to ESKD, All-cause Death,
HR (95% Cl) HR (95% Cl)

CKD with Severe Proteinuria

MDRD-a subset”
(median 10.7 )

AASK subset”
(median 14.4 y)

<92 vs. <107

<92 vs. 102-107

Urine protein >1g/d and GFR 13-55

Urine protein >1g/d and GFR 20-65

0.55 (0.41-0.72) NA

0.59 (0.41-0.85) NA

CKD without Severe Proteinuria

MDRD-a subset’
(median 10.7 y)

AASK subset”
(median 14.4 )

<92 vs. <107

<92 vs. 102-107

Urine protein <1 g/d and GFR 13-55

Urine protein <1g/d and GFR 20-65

0.81(0.64-1.02)  NA

1.05(0.83-1.32)  NA

CKD, Total Participants

MDRD-b”
(median 19.3 y)
AASKY

(median 14.4 )

<92 vs. <107

GFR 13-55, urine protein >0.3 g/d in 51.8%

<92 vs. 102-107 GFR 20-65, PCR >0.22 in 32.6%

0.86(0.73-1.00)  0.82 (0.68-0.98)

092 (0.75-1.12)  0.92(0.77-1.10)

*Data are for all participants with or without severe proteinuria.
BP, blood pressure; Cl, confidence interval; ESKD, end-stage kidney disease; GFR, glomerular filtration rate (mL/min/1.73 mz);
HR, hazardratio; MAP, mean arterial pressure; NA, not available; PCR, urineprotein-to-creatinineratio (g/g); s-Cr, serum creatinine.

The KDIGO 2021 BP Guideline

The KDIGO BP guideline recommends starting renin-an-
giotensin system inhibitors (RASi) (angiotensin-converting en-
zyme inhibitors [ACEi] or angiotensin Il receptor blockers
[ARB]) in persons with high BP, CKD, and severely increased
albuminuria (estimated glomerular filtration rate [eGFR] cate-
gories G1-G4, urine albumin-to-creatinine ratio [ACR] cat-
egory A3) without diabetes and in persons with high BP,
CKD, and moderately to severely increased albuminuria
(G1-G4, A2-A3) with diabetes. The guideline suggests start-
ing ACEi or ARB in persons with high BP, CKD, and moder-
ately increased albuminuria (G1-G4, A2) without diabetes.
Furthermore, the guideline recommends avoiding any com-
bination of ACEi, ARB, and direct renin inhibitor therapy
in persons with CKD, with or without diabetes.

The key points of the 2021 guideline are the recom-
mendation of a standardized office BP measurement in-
stead of a routine office BP measurement for the manage-
ment of high BP in adults and the suggestion of treating
adults with high BP and CKD to a target SBP of <120 mmHg,

when tolerated, based on the standardized office BP measure-
ment. The guideline suggests using out-of-office BP meas-
urements with ambulatory BP monitoring or home BP mon-
itoring as complementary readings to standardized office
BP readings.

In comparison, the original KDIGO BP guideline recom-
mends maintaining an office BP of <130/80 mmHg in pa-
tients with CKD and albuminuria and <140/90 mmHg in pa-
tients with CKD without albuminuria”. This recommendation
was based on the results of extended follow-up studies of
randomized trials in patients with CKD (Table 1)}6)
the recommendation of a target SBP of <120 mmHg with

. Conversely,

the standardized measurement is largely based on the find-
ings of SPRINT in CKD subsets, in which BP was determined
as an average of 3 readings obtained after a rest period
of 5 min, with the patients sitting with their back supported
and without taIking7). Standardized BP measurements in-
crease the burden on patients, health-care providers, and
facilities. Although ambulatory or home BP monitoring can
be used to complement standardized office BP measure-
ments, no completed large clinical trials have recommended
an out-of-office BP target.
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Table 2. Renin-angiotensin system inhibitors in CKD

Treatment vs.
Control Group

Clinical Trial
(Index Disease)

Baseline Kidney Function

All-cause Death,
Rate %

CKD Progression, Risk
Reduction %

Benazeprilg)
(nondiabetic CKD)

Benazeprillz)

Benazepril vs. placebo

eGFR 30-60, mean urine
protein 1.8 g/d

s-Cr 3.1-5.0 mg/dL and

53% for s-Cr doubling or ESKD 2.7% vs. 0.4%

(nondiabetic CKD) Benazepril vs. placebo urine protein >0.3 g/d 48% for s-Cr doubling or ESKD 0.9% vs. 0.0%
REIN? - Urine protein 1.0-3.0 g/d 0 , )
(nondiabetic CKD) Ramipril vs. placebo and Crcl 20-70 56% for ESKD 1.0% vs. 0.0%
10) . . >
(RnEcl),:diabetic CKD) Ramipril vs. placebo ;Jr::ecfglog%gofg'o g/d 49% for s-Cr doubling or ESKD 2.6% vs. 1.1%
16) . i
(Akﬁlsplzr‘censive kD) Ramipril vs. amlodipine ngZtyZO 65, PCR >0.22 in 38% for GFR decline or ESKD 1.5% vs. 1.7%
. (o]
.13) . .
>0.
(CSEEOp_FllD) Captopril vs. placebo ;Jr::i-gofzns?no; d%/d 50% for ESKD or death 3.9% vs. 6.9%
14) > _ -

(RDEKNDAA#ZD) Losartan vs. placebo ,r:CgF;d[O.?, and s-Cr 1.0-3.0 21% for s-Cr doubling or ESKD 21.0% vs. 20.3%
IDNT™ Irbesartan vs. amlodipine Urine protein >0.9 g/d 21% for s-Cr doubling, ESKD, 15.0% vs. 15.5%
, or placebo and s-Cr 1.0-3.0 m, or deat ' T
(DKD, T2D) placeb d s-Cr 1.0-3.0 mg/dL death ? ?

ACEi, angiotensin-converting enzyme inhibitor; ACR, urine albumin-to-creatinine ratio (g/g); ARB, angiotensin receptor blocker;
CKD, chronic kidney disease; CrCl, creatinine clearance (mL/min/1.73 mz); DKD, diabetic kidney disease; eGFR, estimated
glomerular filtration rate (mL/min/1.73 mz); ESKD, end-stage kidney disease; GFR, glomerular filtration rate (mL/min/1.73 mz);
PCR, urine protein-to-creatinine ratio (g/g); s-Cr, serum creatinine; T1D, type 1 diabetes; T2D, type 2 diabetes.

Renin-Angiotensin-Aldosterone System Inhibitors

Randomized controlled trials have shown the clinical ben-
efits of RASi in patients with CKD and proteinuria (Table
2). The renoprotective effect of ACEi was demonstrated
in trials for nondiabetic kidney disease with overt protei-
nurias'lo), and the benefit persisted even in patients with
advanced CKD (eGFR <30 mL/min/1.73 mz)“’lz). The benefi-
cial effect of ACEi was also shown in a trial for type 1
diabetes with proteinuria (urine protein >500 mg/day)B).
The renoprotective effect of ARB was demonstrated in trials
for type 2 diabetes with severely increased albuminuria
(urine ACR >300 mg/g)"*".

However, combination therapy with ACEi and ARB in-
creased the risks of adverse events, such as acute kidney
injury and severe hyperkalemia, without providing clinical
benefits in patients at a high risk of vascular events and
in those with type 2 diabetes and severely increased albu-
minuria (Table 3)17’18). Similarly, treatment with aliskiren, a
direct renin inhibitor, in combination with either an ACEi

or ARB resulted in more adverse events with no additional
benefits in trials for type 2 diabetes with CKD or car-
diovascular disease and for heart failure with an ejection
fraction of <35%"%. In contrast, finerenone, a selective
nonsteroidal mineralocorticoid receptor antagonist, in com-
bination with an ACEi or ARB showed benefits in terms
of slowing the progression of kidney disease and reducing
the rates of cardiovascular events in trials for type 2 dia-
betes with CKD™"*.

New Classes of Drugs

Besides RASi, other new classes of drugs have shown a
noticeable renoprotective benefit in randomized controlled
trials (Table 4). Sacubitril-valsartan, an angiotensin receptor
—neprilysin inhibitor (ARNi), reduced the risk of kidney dis-
ease progression and hyperkalemia compared with either
an ACEi or ARB in patients with heart failure™*”. ARNi can
also be considered in patients with CKD at a risk of hyper-
kalemia, although direct evidence in CKD would be needed
to confirm the benefit.
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Table 3. Combination therapy with renin-angiotensin-aldosterone system inhibitors

Clinical Trial Treatment vs. Particioants Kidney Disease All-cause Death, Hyperkalemia,*
(Index Disease) Control Group P Progression, HR (95% Cl) HR (95% Cl) Rate %

ONTARGET" Ramipril-telmisarta Vascular disease or high risk of  1.24(1.01-1.51) for s-Cr 1.07 5.6% vs. 3.3% for
(high risk patients) n vs. ramipril diabetes doubling or all dialysis (0.98-1.16)  s-K >5.5 mmol/L

VA NEPHRON-D™® Losartan-lisinopril 0.78 (0.58-1.05) for eGFR 1.04
> | 0, 0,
(DKD, T2D) vs. losartan-placebo ACR 20.3 and eGFR 30-90 decline or ESKD (0.73-1.49) 9-9% vs. 44%
ALTITUDE™ Aliskiren vs. High risk of cardiovascular and ~ 1.03 (0.87-1.23) for s-Cr 1.06 11.2% vs. 7.2%
(DKD, T2D) placebo” renal events doubling or ESKD (0.92-1.23) O LA
ATMOSPHERE™ Aliskiren-enalapril Chronic heart failure with 1.50 (0.82-2.74) for s-Cr 0.91 5.0% vs. 3.6%
(heart failure) vs. enalapril ejection fraction <35% doubling, ESKD, or renal death  (0.82-1.02) R 20

FIDELIO-DKD2 Finerenone vs. ACR 0.03—,0.3, EGFR 25-60, and 0.82‘(0.73—0.93) for eGFR 0.90
(DKD, T2D) lacebo retinopathy” or “ACR 0.3--5 and  decline, ESKD, or renal (0.75-1.07) 4.5% vs. 1.4%

' P eGFR 2575 death S
FIGARO-DKD* Finerenone vs. “ACR 0.03-0.3 and eGFR 25-90” 0.87(0.76-1.01) for eGFR 0.89 23% vs. 1.2%
(DKD, T2D) placebo+ or “ACR 0.3-5 and eGFR 25-75” decline, ESKD, or renal death  (0.77-1.04) A

*Data are rates for s-K* >6.0 mmol/L unless otherwise stated.

'All patients were treated with either an angiotensin-converting enzyme inhibitor or an angiotensin Il receptor blocker.

ACR, urine albumin-to-creatinine ratio (g/g); Cl, confidence interval; DKD, diabetic kidney disease; eGFR, estimated glomerular filtration rate
(mL/min/1.73 mz); ESKD, end-stage kidney disease; GFR, glomerular filtration rate; HR, hazard ratio; s-Cr, serum creatinine; s-K', serum
potassium; T2D, type 2 diabetes.

Table 4. Angiotensin receptor-neprilysin inhibitors in heart failure and sodium-glucose transporter-2 inhibitors in CKD

Clinical Trial Treatment vs. Participants Kidney Disease Progression, All-cause Death, Other Outcomes,
(Index Disease) Control Group P HR (95% Cl) HR (95% Cl) Rate %
PARAGON-HF®  Sacubitril-valsartan fzﬁumrztc;:; Z};?gg: 0.50 (0.33-0.77) for eGFR 097 3.1% vs. 4.3% for sK'
(heart failure) vs. valsartan fraction >A45% decline, ESKD, or renal death (0.84-1.13) >6.0 mmol/L
PARADIGM-HF”  Sacubitril-valsartan fzﬁumrztc;:; Z};?gg: 0.86 (0.65-1.13) for eGFR 0.84 43% vs. 5.6% for sK'
(heart failure) vs. enalapril fraction <A0% decline or ESKD (0.76-0.93) >6.0 mmol/L
CREDENCE® Canagliflozin vs.  ACR 0.3-5 and eGFR 0.66 (0.53-0.81) for s-Cr 0.83 33.5% vs. 36.7% for total

(DKD, T2D) placebo 30-90 doubling, ESKD, or renal death  (0.68-1.02) serious adverse events

DAPA-CKD* Dapagliflozin vs.  ACR 0.2-5 and eGFR  0.56 (0.45-0.68) for eGFR 0.69 29.5% vs. 33.9% for total

(CKD with albuminuria) placebo 25-75, T2D in 67.5% decline, ESKD, or renal death (0.53-0.88) serious adverse events

SCORED™ .

) Sotagliflozin vs. 0.71(0.46-1.08) for eGFR 0.99 23.4% vs. 25.2% for total
(CKD with decreasede eGFR 25-60 ) )
GFR, T2D) placebo decline or ESKD (0.83-1.18) serious adverse events

*Differences were statistically significant (p<0.05) for the presented other outcomes.
ACR, urine albumin-to-creatinine ratio (g/g); Cl, confidence interval; DKD, diabetic kidney disease; eGFR, estimated glomerular filtration rate
(mL/min/1.73 mz); ESKD, end-stage kidney disease; HR, hazard ratio; s-Cr, serum creatinine; s-K’, serum potassium; T2D, type 2 diabetes.

Sodium-glucose cotransporter-2 inhibitors (SGLT2i), which
reduce both BP and blood glucose levels®?”, have shown
a consistent benefit in reducing renal and cardiovascular

. .. . 25-30
events in clinical trials™>"

. Particularly, dapagliflozin, an
SGLT2i, has been shown to reduce all-cause mortality as
well as the renal and cardiovascular risk in patients with

CKD and severe albuminuria, irrespective of the presence

of diabetes™. In meta-analyses, the relative risk reduction
with SGLT2i was similar among patients with different base-
line conditions®®. Accordingly, the absolute benefits may
be greater in patients at a higher risk of developing renal
and cardiovascular events. In a 2021 meta-analysis, the ab-
solute risk reduction in cardiovascular events was greater
in patients with a lower eGFR and more severe albuminuria,
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and the absolute renoprotective benefit was greater in pa-
tients with more severe albuminuria>’. In addition, SGLT2i
consistently reduced the rate of total serious adverse
events in patients with CKD (Table 4)29'31’35). These indicate
that the benefits of SGLT2i treatment outweigh the harms
in patients with CKD. Furthermore, the net benefit of SGLT2i
is greater in patients with CKD, particularly in those with
severe albuminuria, than in those without CKD.

Target BP in CKD

Several randomized trials that compared intensive BP
control with conventional control in CKD failed to show
a benefit in slowing the progression of kidney disease dur-
ing the trial period36'38). However, in extended follow-up
studies of the trials, intensive BP control targeting a mean
arterial pressure of <92 mmHg (e.g., BP <125/75 mmHg),
compared with usual control targeting a mean arterial pres-
sure of <107 mmHg (e.g., BP <140/90 mmHg), was associated
with a reduced risk of end-stage kidney disease among pa-
tients with CKD and severe proteinuria (Table 1)3'6).

Meanwhile, in SPRINT, in nondiabetic patients at a high
risk of cardiovascular events, targeting an SBP of <120 mm
Hg, compared with <140 mmHg, resulted in lower rates of
cardiovascular events and all-cause mortality7). Of the 9,361
SPRINT participants, 2,646 (28%) had an eGFR of <60 mL/
min/1.73 m* and 1,723 (19%) had a urine ACR of >30 mg/g.
In subgroup analyses, intensive BP lowering was associated
with similar risk reductions in cardiovascular events and
all-cause mortality among patients with and without an
eGFR of <60 mL/min/1.73 m’ 739 Likewise, the risk reduc-
tions in the outcomes of interest with intensive therapy
did not clearly differ between patients with and without
a urine ACR of >30mg/g".

Comparison between SPRINT and Other Studies

In contrast to SPRINT, the Action to Control Cardiovascular
Risk in Diabetes trial showed that targeting an SBP of <120
versus <140 mmHg did not reduce all-cause or cardiovascular
mortality among patients with type 2 diabetes and a mean
eGFR of 92 ml/min/1.73 n? ™. Similarly, in the Heart Outcomes
Prevention Evaluation-3 trial, treatment with candesartan

and hydrochlorothiazide did not reduce the risk of compo-
site cardiovascular events among patients with a baseline
SBP of <143.5 mmHg who did not have cardiovascular dis-
ease or advanced CKD™. Meanwhile, in SPRINT, the relative
risk reduction in cardiovascular events with intensive ther-
apy tended to be greater among patients with a baseline
SBP of <132 mmHg than among patients with a baseline
SBP of 132 to <145 mmHg and those with an SBP of >145
mmHg7). This is contradictory to the observations that the
benefit in terms of BP reduction was greater among pa-

tients with higher baseline Bp*

and the relative risk reduc-
tion was proportional to the magnitude of BP IoweringM’45)
Assuming that the optimal on-treatment SBP is <120 mm
Hg, lowering SBP from a level of 132 to 144 mmHg to a level
of <120 mmHg, compared with lowering SBP from a level
of <132 mmHg, is expected to result in greater risk reduction.
Given these discrepancies between SPRINT and other stud-
ies, the results of SPRINT should be interpreted with caution.

In addition, randomized trials include participants who
are not necessarily representative of a real-world population46'47).
Moreover, subgroup analyses are observational in nature
and can be influenced by confounders. SPRINT included
older adults with a high cardiovascular risk and excluded
patients with diabetes or proteinuria (urine protein >1.0
g/day). In addition, there were imbalanced confounders be-
tween subgroups with and without CKD (e.g., older adults
with CKD). In contrast to the subgroup analyses of SPRINT,
a population-based cohort study in Korea matched CKD and
non-CKD populations using propensity scores to address po-
tential confounding by imbalanced covariates between the
populations. The cohort study revealed that intensively low-
ered SBP (115 to <125 mmHg), compared with conventionally
controlled SBP (135 to <145 mmHg), was associated with
a reduced risk of a composite of end-stage kidney disease,
cardiovascular events, and all-cause mortality in patients
with CKD, particularly in those with albuminuria, but not
in their propensity score-matched counterparts without
cKD™. Considering this finding together with the extended
follow-up results of CKD trials (renoprotective effects of in-
tensive BP control were observed in patients with, but not
in those without, proteinuria), albuminuria may be an effect
modifier of optimal BP, in contrast to the subgroup analysis
findings of SPRINT.
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A Achieved SBP, mm Hg No. of Participants Risk Ratio Risk Ratio
Study or Subgroup Intensive Standard _Intensive Standard __Weight Random, 95% C1 IV, Random, 95% CI
Urine ACR S30 mglg

ACCORD-subset-A2,3 or G3% 119 134 867 850  53.2% 0.85[0.63,1.16] —i—
REIN-2-A3% 130 134 167 168 15% 0.67[0.11,4.04] ¢

SPRINT-subset-A2,34 121 136 861 863 453%  0.67 [0.48, 0.93] —a—

Subtotal (95% CI) 1895 1890  100.0% 0.76 [0.61, 0.95] g
Heterogeneity: Tau? = 0.00; Chi® = 1.17, df = 2 (P = 0.56); I* = 0%

Test for overall effect: Z = 2.40 (P = 0.02)

©GFR <60 mi/min/1.73 m?

AASK-G3,45 128 144 540 554  16.0% 0.85[0.55, 1.31] ——
ABCD-H-subset-G3,45 133 139 62 68 23% 0.57[0.18,1.82]

ABCD-N-subset-G3,4° 128 137 57 80 23% 1.24[0.40,3.87]

ACCORD-subset-G35 119 134 208 198 8.8% 1.22[0.68,2.19] ————
HOT-subset-G3,452 140 143 1220 2399 25.6% 0.99[0.70, 1.40] —_—
MDRD-G3,45 126 134 432 408 65% 1.34[0.68,2.66] I
SPRINT-subset-G3,47 121 136 1330 1316  30.0% 0.73[0.53, 1.00] —a—]
SPS3-subset-G3,47 127 138 216 195 85% 0.86[0.47, 1.54] -
Subtotal (95% CI) 4065 5218  100.0% 0.90 [0.75, 1.07] -
Heterogeneity: Tau® = 0.00; Chi® = 5.41, df = 7 (P = 0.61); I = 0%

Test for overall effect: Z = 1.21 (P = 0.22)

No CKD, A1 andlor G1,2

ABCD-H-subset-G1,25 133 139 175 165 5.6% 0.44[0.19, 1.04] r
ABCD-N-subset-G1,2°% 128 137 180 163 65% 0.83[0.38, 1.81] T
ACCORD-subset-A1 and G1,2°> 119 134 1469 1483  17.8%  1.41[0.98,2.02] =
HOT-subset-G1,252 140 143 5042 10120  27.0% 1.12[0.92,1.36] T
SPRINT-subset-A14 121 138 3579 3583  228% 0.80[0.61, 1.04] —=T
SPS3-subset-G1,2°7 127 138 1303 1306  20.3% 1.08[0.79, 1.48] e
Subtotal (95% CI) 11748 16829  100.0%  1.00 [0.80, 1.24] -
Heterogeneity: Tau? = 0.04; Chi® = 11.24, df = 5 (P = 0.05); I* = 56%

Test for overall effect: Z = 0.02 (P = 0.98)

0.2 0.5 1 2 5
Intensive therapy better ~ Standard therapy better

B Achieved SBP, mm Hg No. of Participants Risk Ratio Risk Ratio
Study or Subgroup = = Weight Random, 95% CI IV, Random, 95% CI
Urine ACR 2

ACCORD-subset-A2,3 or G3* 119 134 867 859 23.6% 0.85[0.63, 1.16] —=
ADVANCE-subset-A2,3% 135 140 1441 1421 562% 0.85[0.70, 1.04] —H
SPRINT-subset-A2,34 121 136 861 863 20.1% 0.67 [0.48, 0.93] i

z 3143 100.0% 0.81[0.70, 0.94] 4

Heterogeneity: Tau? = 0.00; Chi* = 1.69, df =2 (P = 0.43); P =0%
Test for overall effect: Z = 2.74 (P = 0.006)

ACCORD-subset-G3> 19 134 208 198 121%  1.22[0.68, 2.19] T
ADVANCE-subset-G3,45° 135 140 1010 1023 522% 0.86[0.67, 1.10] —iH-
SPRINT-subset-G3,47 121 136 1330 1316  35.7%  0.73[0.53, 1.00] ——

= 2537 100.0% 0.84 [0.68, 1.04] -
Heterogeneity: Tau” = 0.01; Chi* = 2.38, df = 2 (P = 0.30); P = 16%

Test for overall effect: Z = 1.67 (P = 0.12)

ACCORD-subset-A1 and G1,2°> 119 134 1469 1483 27.5% 1.41[0.98, 2.02] =
ADVANCE-subset-A1 and G1,2% 135 140 3060 3065 38.2%  0.91[0.73, 1.13]

SPRINT-subset-A14 121 136 3579 3583 34.4%  0.80[0.61, 1.04]

= 8131 100.0% 0.98 [0.74, 1.30]

Heterogeneity: Tau? = 0.04; Chi? = 6.35, df = 2 (P = 0.04); I = 69%
Test for overall effect: Z = 0.15 (P = 0.88)

.2 . 2
Intensive therapy better  Standard therapy better

Fig. 1. Comparison of all-cause mortality between the lower BP target and standard BP target
groups, according to kidney disease status.

A meta-analysis was conducted using the random-effects model. The primary analysis included trials
that compared lower BP targets with standard targets (SBP <140 mmHg, diastolic BP <90 mmHg,
or mean arterial pressure <107 mmHg) A, and secondary analyses were restricted to trials facilitating
within-trial comparisons but extended to a trial with a placebo control achieving an SBP of 140
mmHg B. The subset “ACCORD-subset- A2,3 and G3” had a urine ACR of >0.03 in most participants
and an eGFR of 30 to <60 mL/min/1.73 n? in 23.2% of participants. A1, urine ACR <30 mg/g; A2, urine
ACR 30 to 300 mg/g; A3, urine ACR >300 mg/g; ACR, albumin-to-creatinine ratio; BP, blood pressure;
0, confidence interval; eGFR, estimated glomerular filtration rate; G1, eGFR >90 mL/min/1.73 m’; G2,
eGFR 60 to <90 mL/min/1.73 m% G3, eGFR 30 to <60 mL/min/1.73 m’% G4, eGFR 15 to <30
mL/min/1.73 m’; SBP, systolic blood pressure.

0.83 to 0.98) in adults aged >60 years with a baseline

All-cause Mortality SBP of >160 mmHg™. Similarly, a 2019 Cochrane review
that compared active treatment with no treatment or pla-

All-cause mortality can reflect the net benefit of BP  cebo reported that antihypertensive drug therapy reduced
reduction. A meta-analysis of clinical trials showed that the rates of both all-cause mortality (RR 0.91, 95% Cl 0.85
treatment to a target SBP of <150 mmHg reduced all-cause  to 0.97) and cardiovascular events (RR 0.72, 95% Cl 0.68
mortality (risk ratio [RR] 0.90, 95% confidence interval [Cl]  to 0.77) in adults aged >60 years with a baseline BP of
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>140/90 mmHgSO). However, in a 2020 Cochrane review that
compared lower BP targets (<135/85 mmHg) with stand-
ard targets (<140/90 mmHg), all-cause mortality did not
differ between the lower and standard target groups (RR
0.95, 95% Cl 0.86 to 1.05) in the general population of
adults with hypertensionsn.

In CKD populations, a recent meta-analysis showed that
more intensive BP control, compared with less intensive
control, was associated with a reduced risk of all-cause mor-
tality (RR 0.86, 95% Cl 0.76 to 0.97) in patients with an
eGFR of <60 mL/min/1.73 m**?. However, the analysis in-
cluded trials with a control group receiving placebo or no
treatment or those targeting a BP higher than standard
targets. To compare lower BP targets with standard targets,
| conducted a meta-analysis including trials with available
data on baseline kidney function that compared lower BP
targets with a control targeting an SBP of <140 mmHg,
a diastolic BP of <90 mmHg, or a mean arterial pressure
of <107 mmHg. | meta-analyzed a total of 9 randomized
studies comprising 3 trials in patients with nondiabetic

CKD3&38’53), 3 trials in patients with type 2 diabete552’54’55),

2 . .
> ’56), a trial in

10

a trial in adults with diastolic hypertension
patients without diabetes with a high cardiovascular ris|
and a trial in patients with lacunar stroke57), which met
the inclusion criteria and had a sample size of >50 in each
target group. | found that more intensive BP control was
associated with a lower risk of all-cause mortality in pa-
tients with albuminuria (RR 0.76, 95% ClI 0.61 to 0.95) but
not in those without CKD (Fig. 1A). In patients with an eGFR
of <60 mL/min/1.73 m’, intensive versus standard BP con-
trol was associated with a reduced risk of all-cause mortal-
ity (RR 0.83, 95% ClI 0.75 to 0.91) when the extended fol-
low-up data of 2 CKD trials®® were included, but not when
only trial-phase data were analyzed (Fig. 1A). Even when
the analysis was restricted to trials facilitating within-trial
comparisons but extended to a trial with a placebo control
achieving an SBP of 140 mmHgsg), the results were similar
to those of the primary analysis (Fig. 1B). Moreover, in a
population-based study in Korea, the optimal on-treatment
BP with the best survival outcome was left-shifted in pa-
tients with CKD and albuminuria relative to that in patients
without CKD®. These findings support the assertion that
treatment targets lower than standard targets are needed

for the management of BP in patients with CKD.

Adverse Effects

Antihypertensive treatment increases the rate of adverse
events and symptoms, including hypotension, dizziness,
electrolyte disturbance, arrhythmia, erectile dysfunction,
headache, edema, and cough49). To achieve lower BP targets,
increased numbers and higher doses of antihypertensive
drugs are needed. The use of more drugs and higher drug
doses can increase the treatment-related adverse effects
and the burden on patients. Studies have shown that more
intensive BP control increased withdrawals because of ad-
verse events>* This could lead to higher rates of per-
manent treatment discontinuation. Treatment to lower BP
targets also increased the rate of syncope and other ad-
verse events®. In SPRINT, targeting an SBP of <120 mm
Hg versus <140 mmHg increased the rate of hospitalization
or emergency department visits for hypotension, syncope,
electrolyte disturbance, and acute kidney injury7’.

In the 2020 Cochrane review that compared lower BP
targets (<135/85 mmHg) with standard targets (<140/90
mmHg), although the cardiovascular event rates were re-
duced (RR 0.84, 95% ClI 0.73 to 0.96 for myocardial in-
farction; RR 0.88, 95% Cl 0.77 to 1.01 for stroke; and RR
0.75, 95% Cl 0.60 to 0.92 for heart failure) in the lower
(vs. higher) target group, the rate of other serious adverse
events was increased in the lower target group (RR 1.44,
95% Cl 1.32 to 1.59) and the rate of total serious adverse
events did not differ between the target groups (RR 1.04,
95% Cl 0.99 to 1.08)51). The authors concluded that the
benefit of lower BP targets, compared with standard tar-
gets, did not outweigh the harms in the general population
of persons with high BP.

CONCLUSIONS

Drugs such as SGLT2i, finerenone, and ARNi, in addition
to RASI, have shown a benefit in preventing CKD progression
in randomized controlled trials. In particular, SGLT2i con-
sistently improved the renal and cardiac outcomes and re-
duced the rate of total serious adverse events in patients
with CKD, and dapagliflozin, an SGLT2i, even reduced all-cause
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mortality in patients with severe albuminuria. With respect
to the target BP, the KDIGO 2021 BP guideline suggests
treating adults with CKD to a target SBP of <120 mmHg
based on standardized office BP measurement. This SBP
target is largely based on the finding of SPRINT that target-
ing an SBP of <120 mmHg versus <140 mmHg has both a
survival benefit and cardioprotective effects, irrespective
of the patient’s baseline kidney function. However, previous
studies have indicated that albuminuria is an effect modifier
of BP targets for renal and mortality outcomes and sug-
gested that a decreased eGFR may be an effect modifier
of BP for mortality. Meanwhile, a Cochrane review reported
that targeting a BP lower than the standard target ( <140/
90 mmHg) does not further reduce the rate of total serious
adverse events despite having a small additional benefit
in reducing cardiovascular events. Lowering SBP to <120 mmHg
may increase the risk of other serious adverse events be-
yond the benefit in cardiovascular risk reduction, and a
standardized BP measurement increases the burden on pa-
tients and resources. Thus, targeting a BP of <130/80 mmHg
using an appropriate office BP measurement can be consid-
ered an option in patients with CKD. The presence and degree
of albuminuria would need to be additionally considered
to determine individualized BP targets. Clinical trials evaluat-
ing home or ambulatory BP as a treatment target are war-
ranted, and more studies are needed to confirm the role of
albuminuria as an effect modifier of BP for overall outcomes.
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