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Abstract: When renal function declines, blood pressure rises, which in turn causes the

kidneys to deteriorate. In order to stop this vicious cycle, it is necessary to lower the blood

pressure to a “moderate” level in patients who have chronic kidney disease (CKD)-associated

hypertension. Such optimization is problematic, since tight control of blood pressure might

worsen the prognosis in elderly patients with CKD, especially those with advanced arterio-

sclerosis. Although renin-angiotensin system (RAS) inhibitors, angiotensinogen converting

enzyme (ACE) inhibitors and angiotensin II receptor blockers (ARBs) are first-line drugs for

hypertensive patients with diabetes, they should be used with caution depending on the

patients’ conditions. Recently, there has been a focus on the preventive effects of sodium-

glucose cotransporter 2 (SGLT2) inhibitors, anti-diabetic drugs that have been shown to have

an impact, on heart and kidney complications. SGLT2 inhibitors increase the amount of

sodium chloride delivered to the macular densa of the distal tubules and correct glomerular

hyperfiltration by contraction of afferent arterioles via the tubule-glomerular feedback

system. It might be one of the reasons why SGLT2 inhibitors show the renal- and cardio-

protective effects; however, the mechanism behind their function remains to be elucidated.

Keywords: chronic kidney disease, CKD, hypertension, atherosclerosis, intensive blood

pressure control, renin-angiotensin system inhibitors, RAS inhibitors, sodium-glucose

cotransporter 2 inhibitors, SGLT2 inhibitors

Introduction
The kidney is the organ responsible for causing hypertension, but it is also the

target organ of hypertension. If renal function declines, hypertension is caused,

which in turn deteriorates renal function. When a condition like chronic kidney

disease (CKD)-associated hypertension arises, it is difficult to discriminate the

above two pathophysiological phenomena. Therefore, we focus on the extent to

which blood pressure (BP) should be reduced in patients with CKD-associated

hypertension.

The Kidney Disease Improving Global Outcomes (KDIGO) has defined CKD as

abnormalities of kidney structure or functions, present for > 3 months, with

implications for health in KDIGO 2012 Clinical Practice Guideline for the

Evaluation and Management of Chronic Kidney Disease (KDIGO CKD 2012).1

Criteria for CKD is known to be comprised of decreased GFR (<60 mL/min/

1.73 m2) and markers of kidney damage such as albuminuria. KDIGO CKD 2012

clearly showed the recommendation of BP target ranges for CKD patients. In 2017,

The American College of Cardiology and American Heart Association (ACC/AHA)

published guidelines for the prevention, detection, evaluation, and management of
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high BP in adults.2 In 2018, the European Society of

Cardiology and European Society of Hypertension (ESC/

ESH) also published guidelines for the management of

arterial hypertension.3 Both these guidelines provide

recommendations for patients at risk of developing cardi-

ovascular or renal disease. They are intended to define

practices that meet the needs of patient care. The

Japanese Society of Nephrology (JSN), which include the

authors of this review as writing committee members, also

published evidence-based clinical practice guidelines for

chronic kidney disease in 2018 (JSN CKD 2018) consis-

tent with KDIGO CKD 2012.4 The recommended proto-

cols for BP control in CKD patients differ slightly among

these four clinical guidelines (Table 1).

Although the reno-protective effects of renin-

angiotensin system (RAS) inhibitors are widely known, it

is well recognized that they might actually worsen renal

function. In this review, we would like to explain the

theoretical background behind these findings and suggest

future strategies for renal protection in patients with CKD-

associated hypertension.

Pathophysiology of CKD-Associated
Hypertension
Why does BP rise when kidney function declines? When

the glomerular filtration rate (GFR) decreases, the ability

of the kidney to excrete sodium and water decreases, and

the amount of circulating plasma increases, thus causing

hypertension (Figure 1). Although this is the main cause of

hypertension, it also involves activation of the RAS,

reduction of nitric oxide (NO) levels, enhancement of the

sympathetic nervous system, and so on. Conversely, why

does renal function deteriorate if hypertension lasts for

a long time? Normally, the glomerular pressure is main-

tained at 50~60 mmHg by appropriately tightening the

afferent arterioles.5 When the systemic BP is high or

afferent arterioles cannot be adequately controlled due to

disorders of the autonomic nervous system associated with

diabetes, the glomerular BP increases. Since glomeruli are

originally optimized for lower pressure, they will even-

tually be damaged if exposed to high pressure for a long

time.

Under such conditions, a vicious cycle runs between

renal insufficiency and hypertension. Moderate control of

BP could interrupt this cycle; a suitable reduction of BP in

hypertensive patients with CKD can suppress the decrease

in renal function over long time periods.

Recommended BP Targets
JSN CKD 2018 recommends a BP target for patients with

CKD-associated hypertension of < 140/90 mmHg for non-

diabetic CKD patients without proteinuria under 75 years of

age, and < 130/80 mmHg for other cases (Table 2). In

patients aged 75 years or older, it is maintained at < 150/90

mmHg regardless of the CKD stage and presence/absence of

diabetes mellitus, and at < 140/90 mmHg if there are no

adverse events such as orthostatic hypotension (Table 2).

Since there is no known benefit of lowering the systolic BP

to < 110 mmHg in patients with CKD, this limit has not been

suggested. It should be noted that the BP targets in this

guideline are not necessarily universal. The medical practice

guidelines for hypertension as per the European (ESC/ESH),

American (ACC/AHA), KDIGO, and JSN CKD 2018 pub-

lications have been summarized in Table 1.

When making the JSN CKD 2018, we looked back at

major clinical trials to provide a basis for setting the BP

targets. In the Action to Control Cardiovascular Risk in

Diabetes (ACCORD) study6 on patients with type 2 diabetes

but without CKD stage 3–5, the incidence rates of cerebral

Table 1 Comparisons of BP Target Ranges and Recommendations

for Drug Treatment in KDIGO CKD 2012, JSN CKD 2018, ESC/

ESH 2018, and ACC/AHA 2017

Guidelines Comorbidity BP

Target

Ranges

(mmHg)

Recommendations for

Drug Treatment

KDIGO

CKD 2012

Diabetes proteinuria (-)

Diabetes proteinuria (+)

CKD proteinuria (-)

CKD proteinuria (+)

≤140/90

≤130/80

≤140/90

≤130/80

ACEI, ARB, CCB, D

ACEI, ARB

ACEI, ARB, CCB, D

ACEI, ARB

JSN CKD

2018

Diabetes

CKD proteinuria (-)

CKD proteinuria (+)

<130/80

<140/90

<130/80

ACEI, ARB

ACEI, ARB, CCB, D

ACEI, ARB

ESC/ESH

2018

Diabetes

CKD

<130/80

<140/90

ACEI, ARB + CCB (or D)

ACEI, ARB + CCB (or D)

ACC/AHA

2017

Diabetes proteinuria (-)

Diabetes proteinuria (+)

CKD proteinuria (-)

CKD proteinuria (+)

<130/80

<130/80

<130/80

<130/80

ACEI, ARB, CCB, D

ACEI, ARB

ACEI, ARB, CCB, D

ACEI, ARB

Notes: This table are shown for younger, middle-aged patients and not for the

elderly.

Abbreviations: KDIGO CKD 2012, KDIGO 2012 Clinical Practice Guideline for

the Evaluation and Management of Chronic Kidney Disease; JSN CKD 2018,

Evidence-based Clinical Practice Guidelines for Chronic Kidney Disease 2018,

Japanese Society of Nephrology; ESC/ESH 2018, 2018 ESC/ESH Guidelines for the

management of arterial hypertension; ACC/AHA 2017, 2017 ACC/AHA/AAPA/

ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention,

Detection, Evaluation, and Management of High Blood Pressure in Adults.
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vascular disorders and albuminuria, both of which were the

primary outcomes of this study, were significantly lower in the

strict BP target group (< 120 mmHg) than in the relaxed group

(target systolic BP: < 140 mmHg). However, the incidence

rate of renal dysfunction increased in the strict BP target

group. A meta-analysis of 13 randomized controlled trials

(RCTs)7 showed that maintaining systolic BP at < 130

mmHg reduced cerebrovascular disease but increased adverse

events. A systematic review of three studies, the African

American Study of Kidney Disease and Hypertension

(AASK),8 Modification of Diet in Renal Disease (MDRD)9

and Ramipril Efficacy in Nephropathy-2 (REIN-2),10 which

included only a few diabetes patients, showed that strict BP

control suppressed renal events only in the group with

proteinuria.11 Therefore, the rationale for the necessity of strict

BP reduction patients with CKD and without proteinuria was

considered to be weak. In a large-scale cohort study12 using

data from a special health check-up in Japan, the incidence

rates of CKD stages G3, 4, and 5 were significantly higher in

proteinuria-positive cases with systolic BP ≥134 mmHg:

however, in proteinuria-negative cases, a higher incidence

rate of CKD was observed only when systolic BP ≥ 141

mmHg. In the SPRINT study13 which included only non-

diabetic patients, usage of automated office BP (AOBP) mea-

surement showed significant reductions in cardiovascular dis-

ease (CVD). Additionally, higher rates of all-cause mortality

were observed in the strict hypotensive group (meanBP: 121.4

mmHg) when compared with the control group (mean BP:

136.2 mmHg). However, there was no evidence of suppres-

sion of end-stage renal failure in the strict BP target group.

Furthermore, an increase in acute renal failure was observed in

strict BP control patients. Post hoc analysis of Olmesartan

Reducing Incidence of End-stage Renal Disease in Diabetic

Nephropathy Trial (ORIENT),14 which included only diabetic

patients, showed that renal events increased when systolic BP

≥ 131 mmHg, as compared to systolic BP of ≤ 130 mmHg.

Use of Antihypertensive Reagents
A number of meta-analyses and RCTs have shown that

ACE inhibitors and ARBs reduce the risk of progression

to end-stage renal failure and death, regardless of diabetic

status or CKD stage.15,16 On the other hand, it has not been

concluded that RAS inhibitors are superior to other antihy-

pertensive drugs in terms of suppressing cardiovascular

events.15,17 Several meta-analyses have reported that pro-

teinuria is inhibited by RAS inhibitors.17,18 Although RAS

inhibitors have not been shown to significantly reduce car-

diovascular events, they are believed to ameliorate the risk

of end-stage kidney disease (ESKD). As such, ACE inhibi-

tors and ARBs have been recommended as first-line drugs

for CKD patients with diabetes and proteinuria. For CKD

Sodium/Water excretory capacity↓

Body sodium store↑

Extracellular fluid volume↑

Plasma volume↑

Afferent arteriole

blood flow↓

Renin↑

Angiotensin ↑

Aldosterone↑

Vascular endothelial

damage

NO↓

Endothelin↑

Anemia

ESA

Sympathetic activity↑

Vitamin D3

activation↓

Parathyroid

hormone↑

Peripheral vascular resistance↑ Cardiac output↑

Renal parenchymal damage

Hypertension

Vascular smooth muscle cells[Ca
2+
]i↑

RBF↓

GFR↓

prostaglandins↓

Figure 1 Mechanisms of hypertension induced by renal parenchymal damage.

Table 2 BP Treatment Target Ranges of JSN CKD 2018

<75 Years ≥75 Years

Diabetes (-) Proteinuria (-) <140/90 <150/90

Proteinuria (+) <130/80 <150/90

Diabetes (+) <130/80 <150/90

Notes: For younger and middle-aged population under the age of 75, blood

pressure targets have been determined by the presence or absence of diabetes

and proteinuria, regardless of the CKD stage. Mild proteinuria (0.15 g/gCr) or

higher was determined to be proteinuria (+). For aged 75 years or above, blood

pressure target lower than 140/90 mmHg is recommended if there are no adverse

events such as orthostatic hypertension or AKI.
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patients without proteinuria and non-diabetic CKD, ACE

inhibitors, ARBs, calcium antagonists, and thiazide diure-

tics are recommended (Table 2). There have been no RCTs

conducted specifically in elderly patients aged 75 years or

older with CKD. Considering their vulnerability to dehy-

dration and ischemia, calcium antagonists are recom-

mended for CDK stages G4 or 5 elderly patients as per the

JSN CKD 2018.

Is It Better to Control BP Strictly in
Patients with CKD-Associated
Hypertension?
There has been much debate over which antihypertensive

drugs should be used and the extent to which BP should be

lowered in CKD-associated hypertension. We must pay

equal attention to these two issues: 1) the clinical out-

comes that should be adopted to reach a consensus

and 2) whether evidence obtained from large-scale RCTs

should always be top priority.

If we exclude cardiovascular death, there are two main

outcomes for determining the effects of antihypertensive ther-

apy: cardiovascular events and renal prognosis. The choice of

antihypertensive drugs and BP targets have largely been set

using these indicators. Unfortunately, with respect to antihy-

pertensive therapy for CKD patients, the suppression of car-

diovascular events and renal protection do not often coincide.

A typical example is the SPRINT study.13 The strict BP

control group (mean systolic BP: 121.4 mmHg) was reported

to have significantly fewer cardiovascular events than did the

control group (mean BP: 136.2 mmHg), but had a higher

incidence of acute renal injury. In a subsequent CKD sub-

analysis,19 composite endpoints such asmyocardial infarction,

heart failure, and cardiovascular death were not suppressed by

strict BP control in CKD patients. It has also been shown that

drop in estimated glomerular filtration rate (eGFR) is signifi-

cantly greater in patients with strict BP control. Furthermore,

Li et al20 reported that a strict BP level, compared with

a conventional BP control, could lead to a decreased risk of

stroke in hypertensive patients with CKD; however, no sig-

nificant suppressive trend of CKD progression was found in

the strict BP control group. When aiming for optimal anti-

hypertensive levels, the perspectives of cardio and renal

protection are often inconsistent, making it very difficult to

determine the highest-priority clinical outcome.

The next problem is the kind of antihypertensive drugs

that must be used. JSN CKD 2018 recommends calcium

antagonists in CKD stage G4 and 5 for elderly individuals

aged 75 years and over. However, there are no meta-analyses

or large-scale clinical trials showing that calcium antagonists

improve clinical outcomes when compared to ACE inhibitors

and ARBs in this class of elderly patients. A large cohort

study of younger patients with CKD stage G5 (mean age:

64.7 years) reported that administration of ACE inhibitors or

ARBs improved renal prognosis as compared to other anti-

hypertensive drugs.21 Nevertheless, JSN CKD 2018 recom-

mends calcium antagonists because elderly people with

severe atherosclerosis are vulnerable to dehydration and

ischemia, and ACE inhibitors and ARBs may cause rapid

renal dysfunction. These inconsistencies show the difficulty

of applying the results of large-scale trials in a scenario of the

real clinical settings and the importance of balancing the risks

and benefits of medications.

RAS Inhibitors are Not Always
General-Purpose Medicines for
Patients with CKD
While ACE inhibitors and ARBs have long-term renal

protection effects, there is a risk of rapid deterioration of

renal function and hyperkalemia, as mentioned above,

because ACE inhibitors and ARBs reduce intraglomerular

BP by dilating the efferent arterioles. In the absence of

arteriosclerosis, for example, even if the mean systemic

arterial pressure drops from 160 mmHg to 80 mmHg with

RAS inhibitors, the decrease in glomerular pressure is

small (Figure 2, white arrow). However, if the sclerotic

change in afferent arterioles is severe, there would be an

insufficient increase in glomerular pressure. This would

cause both the mean arterial pressure and glomerular pres-

sure to drop sharply (Figure 2, black arrow), in turn indu-

cing a sudden decline of GFR and possible increase in the

risk of hyperkalemia. In a study examining renal biopsy

tissue from patients with CKD-associated diabetes, dia-

betic pathological findings such as nodular lesions or

mesangiolysis often consisted of nephrosclerosis asso-

ciated with hypertension and aging.22 With such hetero-

geneous conditions, administration of ACE inhibitors or

ARBs, which uniformly dilate efferent arterioles and lower

intraglomerular pressure, has a positive effect on hyperfil-

trated glomeruli but not on sclerotic or ischemic glomeruli.

Promise of SGLT2 Inhibitors
Sodium-glucose cotransporter 2 (SGLT2) inhibitors, ori-

ginally a therapeutic agent for diabetes, have recently

attracted the attention of clinicians treating renal disorders.
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First results of the empagliflozin cardiovascular outcome

event trial in type-2 diabetes mellitus patients – removing

excess glucose (EMPA-REG OUTCOME)23,24 suggested

that SGLT2 inhibitors could improve renal prognosis in

patients with atherosclerotic disease. Second, in the sub-

sequent canagliflozin cardiovascular assessment study

(CANVAS) program,25 dapagliflozin effect on cardiovas-

cular events – thrombolysis in myocardial infarction 58

(DECLARE-TIMI 58),26 and canagliflozin and renal

events in diabetes with established nephropathy clinical

evaluation (CREDENCE) trials,27 the morbidity of athero-

sclerotic diseases was 65.6%, 40.6% and 50.4%, respec-

tively. However, CREDENCE is slightly different from the

other three trials, and the primary outcomes are renal

events (doubling of serum creatinine, ESKD, and kidney-

related death). Table 3 provides a summary of the char-

acteristics of these four major clinical trials of SGLT2

inhibitors. Meta-analysis of the three composite endpoints

of decreased renal function (such as doubling of serum

creatinine and reduction of eGFR by ≥ 40%), end-stage

renal failure, and renal-related death from the above four

trials is shown in Figure 3. The results show that renal

composite endpoints are significantly suppressed, regard-

less of baseline renal function or if eGFR is limited ≤

60 mL/min/1.73 m2. The reason why almost the same

analysis results can be obtained regardless of renal func-

tion is an issue to be solved in the future.

SGLT2 inhibitors are thought to selectively inhibit the

sodium-glucose cotransporter 2, which is expressed in the

S1 segment of proximal tubules28 and to promote hypo-

tensive activity in addition to glucose suppression.29,30

SGLT2 inhibitors also increase the amount of sodium

chloride (NaCl) delivered to the macular densa of the

distal tubules and correct glomerular hyperfiltration by

contraction of afferent arterioles via the tubule-

glomerular feedback (TGF) mechanism.29,31 The TGF

mechanism by SGLT2 inhibitor administration is not

expected to decrease GFR in ischemic glomeruli that

are not in the hyperfiltration stage since the increase in

NaCl reaching the macula densa is what triggers TGF.

Other actions of SGLT2 inhibitors on individual glomer-

uli via the TGF mechanism may explain some of the

reno- protective effects that have been revealed in large-

scale clinical trials.32–35

Although SGLT2 inhibitors frequently cause polyuria

and natriuresis, which potentially activate the RAS in the

early stages of treatment, the effects of SGLT2 inhibitors

on RAS activity are not straightforward. Ansary et al36

published an instructive systematic review, which includes

three animal experiments and six clinical studies. They
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rapidly (a’ to b’), causing glomerular pressure to drop sharply (black arrow).
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suggested that chronic administration of SGLT2 inhibitors

might not necessarily activate intrarenal RAS in type 2

diabetic patients.

Dekkers et al37 reported that dapagliflozin decreased

urinary excretion of proximal tubular marker KIM-1 and

inflammatory marker IL-6. They found that the observed

reduction in albuminuria correlated positively with the

decrease in eGFR, and also with the decrease in KIM-1

excretion, and concluded that the albuminuria-lowering

effect of dapagliflozin could be the result of a reduction

in glomerular pressure and improved proximal tubular

cell integrity. Although SGLT2 inhibitors have

a positive effect on the progression of CKD, there is

a concern that they might cause acute kidney injury

(AKI) due to their pharmacological effect of lowering

GFR. Menne et al38 performed a meta-analysis and

reported that SGLT2 inhibitors might reduce the occur-

rence of AKI in diabetic patients.

Table 3 Randomized Clinical Trials of Sodium-Glucose Cotransporter-2 Inhibitors

Drug

EMPA-REGOutcome CANVAS Program DECLARE-TIMI 58 CREDENCE

Empagliflozin Canagliflozin Dapagliflozin Canagliflozin

Median follow-up time, year 3.1 2.4 4.2 2.6

Trial participants 7020 10,142 17,160 4401

Patients with established atherosclerotic cardiovascular disease (ratio: %) 7020 (100%) 6656 (65.6%) 6974 (40.6%) 2220 (50.4%)

Patients with a history of heart failure (ratio: %) 706 (10.1%) 1461 (14.4%) 1724 (10.0%) 652 (14.8%)

Patients with eGFR<60 mL/min per 1.73 m2 (ratio: %) 1819 (25.9%) 2039 (20.1%) 1265 (7.4%) 2592 (58.9%)

Abbreviations: EMPA-REG OUTCOME, empagliflozin cardiovascular outcome event trial in type-2 diabetes mellitus patients – removing excess glucose; CANVAS, SGLT2

inhibitors could improve renal prognosis in patients with atherosclerotic disease. Second, in the subsequent canagliflozin cardiovascular assessment study; DECLARE-TIMI

58, dapagliflozin effect on cardiovascular events – thrombolysis in myocardial infarction 58; CREDENCE, canagliflozin and renal events in diabetes with established

nephropathy clinical evaluation.

Figure 3 Meta-analysis results of the composite renal endpoints of EMPA-REG outcome, CANVAS, DECLARE-TIMI 58 and CREDENCE. The composite renal endpoints

were significantly suppressed by SGLT2 inhibitors, regardless of baseline renal function. These meta-analyses were performed using RevMan 5 software (Cochrane, London,

UK). The analyses were performed regardless of renal function (A) and limited to eGFR ≤60 mil/min/1.73 m2 (B). The results show that renal composite endpoints are

significantly suppressed, regardless of baseline renal function or if eGFR is limited <60 mL/min/1.73 m2.

Abbreviation: SGLT2i, SGLT2 inhibitors.
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SGLT2 inhibitors also have a cardioprotective effect,39

mainly in suppressing heart failure. Further elucidation on

the mechanism of action as a cardiorenal protectant, which

is likely different from that of RAS inhibitors, remains

wanting.

Conclusions
An overview of the pathophysiology of CKD-associated

hypertension and its treatment strategy was provided by

explaining important points when revising the JSN CKD

2018. To date, RAS inhibitors have been the main tools

of antihypertensive therapy for CKD patients with

hypertension and will continue to remain so for some

time. However, one should be fully aware that the risk

of rapid renal function deterioration and hyperkalemia is

high when accessing long-term renal protection. We

should pay minute attention to clinical manifestations

in patients using RAS inhibitors, especially in the

elderly. New anti-diabetic reagents, SGLT2 inhibitors,

which selectively inhibit the sodium-glucose cotranspor-

ter 2, have been shown to improve cardiac and renal

prognosis. The mechanisms by which SGLT2 inhibitors

play a protective role in the heart and kidney may be

unveiled in the near future.
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