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Abstract: Hypertension is a critical component of cardiovascular disease progression in patients
with chronic kidney disease, and specifically diabetic kidney disease (DKD). Causation versus
correlation remains up for debate, but what has been confirmed is the delay of DKD progression
when hypertension is controlled or moved to guideline drive ranges. Many medications have
been studied and used in real world experience for best outcomes, and we discuss below the
proven winners thus far making up the renin angiotensin aldosterone system. As well, we discuss
guideline changing medications including sodium-glucose cotransporter 2 inhibitors and newer
generation mineralocorticoid receptor antagonists. With the growing prevalence of diabetes and
DKD in the population, newer agents are emerging in multiple drug class and will be highlighted
below. Clinicians continue to search for the optimal care plans for this challenging patient population.
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1. Introduction

When considering the treatment of hypertension in diabetic patients with chronic
kidney disease, two main questions arise: What should our target blood pressure be, and
what pharmacologic interventions should we use to achieve these targets? The answer to
the first question has been the topic of much debate over the past decades, with a shift
from a less intensive 130/80 goal historically to a trend toward tighter control post-SPRINT
reflected in 2021 KDIGO Guidelines [1]. Post-hoc analysis of the IDNT [2] and RENAAL [3]
show a strong association between tighter systolic blood pressure control and decreased
progression of chronic kidney disease. In fact, post-hoc analysis of RENAAL reported that
a 10-mm Hg rise in baseline SBP increased the risk for end-stage kidney disease (ESKD)
or death by 6.7%. However, professional societies do not agree on a specific systolic goal,
given the potential harm of hypotension when targeting very low blood pressure. As such,
a pragmatic approach is required to personalize systolic blood pressure goals as tolerated
but maximize benefit by using the correct tools. As clinicians, we have a vast array of
anti-hypertensive medications at our disposal but should focus on those that provide
additional benefit to our diabetic patients beyond targeting a systolic goal, whatever that
goal may be. As we must consider the mechanistic targets that need modification from a
pathologic sequence as reviewed in Figure 1.
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Figure 1. Pathophysiological mechanisms of lowering blood pressure. Abbreviations: BP, blood
pressure; NO. nitric oxide; SNA, sympathetic nervous. Source: Sanidas et al. [4].

2. Angiotensin Converting Enzyme Inhibitors and Angiotensin-Receptor Blockers

Pharmacological blockade of the renin–angiotensin–aldosterone system (RAAS) using
angiotensin-converting enzyme inhibitors (ACEi) and angiotensin receptor blockers (ARB)
has become the cornerstone for patients with type 2 diabetes (T2D) and kidney involve-
ment. Several clinical trials have demonstrated that the use of RAAS inhibitors (RAASi)
slows chronic kidney disease (CKD) progression and reduces proteinuria in patients with
proteinuric CKD, including diabetic kidney disease (DKD) [5–10].

There are two seminal randomized clinical trials showing kidney benefits from RAASi
independent of their blood pressure-controlling effects: the IDNT [2] and the RENAAL [3]
trials. The trials compared the use of ARB versus placebo or ARB versus calcium channel
blockers (CCB) or placebo in a double-blinded design. RENAAL included patients with and
without hypertension, while IDNT excluded those with normal BP. Both trials included pa-
tients with kidney impairment (IDNT: baseline serum creatinine of 1.67 mg/dL, RENAAL:
baseline serum creatinine 1.9 g/dL) and severe albuminuria (IDNT: 2.9 g/d proteinuria,
RENAAL: albumin–creatinine ratio 1237 mg/g). Irbesartan in the IDNT study resulted
in a 20% (RR:0.80; 95% CI: 0.66–0.97) risk reduction in the primary composite endpoint
(doubling of serum creatinine, ESKD, death from any cause) versus placebo and a 23%
reduction versus amlodipine (RR:0.77; 95% CI: 0.63–0.93); while losartan in the RENAAL
study caused a 16% (RR:0.84; 95% CI: 0.72–0.98) reduction in the composite outcome of
death, dialysis, and doubling of serum creatinine compared to placebo. Unfortunately, in
RENAAL, as part of the secondary outcomes, there was no mortality benefit (21% vs. 20.3%
(p = 0.88), but overall, the trial has been a cornerstone for establishing RAASi as a major
difference makers.

On the other hand, for patients with CKD, hypertension, diabetes, and no albuminuria,
current evidence does not support clear clinical benefits of RAASi for CKD progression,
and other antihypertensive drugs are appropriate for BP management; however, the Kidney
Disease Improving Global Outcomes guidelines (KDIGO) stated that these patients may be
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preferably treated with RAASi (ACEi or ARB), given the cardiovascular (CV) protection
benefits, especially in patients with a higher glomerular filtration rate (GFR)1. There has
been some criticism about the superiority of RAS inhibitors compared to other hyperten-
sive agents in albuminuric patients [11], but generally, the presence of protein should be
considered an indication for the use of ACEi or ARB.

It is also important to consider that beyond the need for renoprotection, patients with
kidney insufficiency have a substantially increased risk of cardiovascular death [12]. The
HOPE study reported cardiovascular benefits with an ACEi versus placebo in people with
diabetes at high CV risk, even those without a diagnosis of hypertension, and independent
of the BP control effect [13]. In a pre-specified subgroup analysis, patients with CKD
(1/3 had diabetes) with mild or no albuminuria, ACEi use reduced the incidence of the
primary outcome (incidence of cardiovascular death (reduced by 20%), myocardial infarc-
tion (reduced by 26%), or stroke (reduced by 31%)) during a mean follow-up duration of
4.5 years.

2.1. Selection of a RAS Inhibition Agent and Dose

Overall, there was no difference between ACEi and ARB for the outcomes of MI,
stroke, and kidney function in CKD patients with diabetes, with or without albuminuria [9].
However, a recent meta-analysis including 119 trials found that survival benefits were
reported for ACEi but not for ARB in patients with CKD and DKD [14,15]. Any combination
of ACEi and ARB or direct renin inhibitors is strongly discouraged as it has been associated
with hyperkalemia and hypotension without any additional benefit [16,17].

RAASi agents should be utilized using the highest approved tolerated dose because
the proven benefits were achieved in trials using these doses. Changes in BP, serum
creatinine [18], and serum potassium [19] are expected after the initiation or increase in the
dose of a RAASi; therefore, a regular check of BP, serum creatinine, and potassium should
be performed within 2–4 weeks of any change. The strategy of gradual up-titration with
careful blood pressure and symptom monitoring is prudent.

2.2. Other Considerations: When to Stop RAS Inhibition

Given the potent morbidity and mortality benefits described in patients with DKD,
every effort should be made to continue therapy with RAS blockade. In fact, discontinua-
tion of RAS blockade for hyperkalemia was associated with increased mortality and CV
events [19]. RAASi should be continued unless serum creatinine increases by more than
30% within 4 weeks of initiating RAASi or increasing its dose. Data from the RENAAL
study found that patients who had already doubled their serum creatinine levels during
the study and remained on RAASi therapy had a significantly delayed onset of dialysis by
a mean of 6 months. Current guidelines reinforce the recommendation to continue RAASi
agents as long as possible for the most CV benefits. New oral potassium binders (patiromer
and sodium zirconium cyclosilicate) can be a useful tool in patients confronted with mild
hyperkalemia and no electrocardiogram abnormalities [20,21].

Traditionally, many clinicians discontinued RASi in very advanced CKD to try to pre-
serve eGFR. The STOP-ACE trial showed that in advanced CKD, eGFR < 30 mL/min/m2,
discontinuation of RAASi did not significantly improve kidney function compared to
the RAASi continuation group and did not prevent any patients from starting dialysis
during the study period [22] This supports the use of RASi continuation in advanced
CKD, maximizing its anti-proteinuric and cardiovascular benefits throughout the entire
CKD spectrum. If RASi cannot be used or causes side effects, alternative agents such as
CCB or diuretics may be used to control hypertension. In patients with severe albumin-
uria, non-dihydropyridine agents (such as diltiazem and verapamil) are preferred over
dihydropyridine CCB, as they can reduce albuminuria [23].
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3. Mineralocorticoid Receptor Antagonists

Though the combined use of ACEi and ARBs is not recommended, there is certainly
a role for additive blockade of the RAS system with the addition of mineralocorticoid
receptor antagonists. This class of medication has been studied extensively in patients with
heart failure, in whom ACEi and ARBs are the standard care.

Non-specific MRAs, such as spironolactone, eplerenone, and drospirenone are steroidal
in nature. These drugs bind directly and block the mineralocorticoid receptor, preventing
its activation by aldosterone or 11-deoxycorticosterone. They also inhibit the receptors
stimulated by testosterone and dihydrotestosterone, leading to common side effects such
as gynecomastia, breast tenderness, and feminization. Specific MRAs are non-steroidal and
were designed to minimize those adverse effects, including finerenone and esaxerenone.

As previously discussed, patients with DKD are at high risk of cardiovascular events.
Though not specific for patients with diabetic kidney disease, the EPHESUS trial assessed
the efficacy of eplerenone in patients with heart failure and myocardial infarction, demon-
strating a benefit in decreasing mortality (RR 0.85, 95% CI 0.75–0.96 p = 0.008), lower
risk of sudden cardiac death (RR 0.79, 95% CI 0.64–0.97% p = 0.03), and improvement
in systolic and diastolic blood pressure compared with placebo. Notably, these benefits
came with a small additional risk of hyperkalemia (5% versus 3.9% in placebo) despite the
exclusion of patients with hyperkalemia at initiation [24]. The EMPHASIS-HF trial also
demonstrated significant cardiovascular benefits in patients with HFrEF < 35% and NYHA
class II randomized to eplerenone vs. placebo [25]. Patients were either on RAAS blockade
or a beta blocker, and after a 1.8-year follow-up, the eplerenone group demonstrated a
risk reduction of composite cardiovascular death or heart failure hospitalization (HR 0.63;
95% CI 0.55–0.76, p < 0.001) as well as an overall reduction in systolic blood pressure of
2.5 ± 17.2 mmHg in comparison to placebo (p = 0.001).

The later FIGARO trial confirmed these cardiac benefits in a diabetic population when
comparing finerenone to placebo in diabetic CKD patients already on ACEi/ARB; the mean
difference in change from baseline in systolic blood pressure was −3.5 mmHg at month 4
and −2.6 mmHg at month 24 [26]. The primary outcome, assessed in a time-to-event analy-
sis, was a composite of death from cardiovascular causes, nonfatal myocardial infarction,
nonfatal stroke, or hospitalization for heart failure. In 3.4 years, this composite occurred in
12.4% of the finerenone group compared to 14.2% of the placebo group (hazard ratio, 0.87;
95% confidence interval [CI], 0.76 to 0.98; p = 0.03), with the benefit driven primarily by a
lower incidence of hospitalization for heart failure. Not all individual secondary endpoints
were significant, but the trial was positive overall for the composite endpoint.

The benefits of MRA addition are not limited to decreased cardiac mortality. However,
the addition of MRA to ACEi/ARB in proteinuric diabetic patients has long been a treat-
ment strategy to improve albuminuria and, theoretically, slow the progression of kidney
disease. Though no large clinical trials had investigated the addition of a mineralocorticoid
receptor antagonist to standard RAS blockade (ACEi/ARB) in diabetic patients for reno-
protection with eGFR endpoints, meta-analyses showed a significant and dramatic (near
30%) reduction in albuminuria with this combination [26].

Then, in the FIDELIO-DKD trial, patients with CKD and type 2 diabetes mellitus were
randomized to finerenone or placebo [27]. In this study, finerenone demonstrated a modest
change in mean systolic blood pressure (baseline to 1-month change of –3.0 mmHg) but
a significant and more robust improvement in the composite outcome of kidney failure,
40% decreased eGFR, or death from renal causes. In 2.6 years, 17.8% of patients in the
treatment group experienced this outcome compared to 21.2% in the placebo group. A
secondary benefit was seen in the decreased cardiac events and death, which occurred
in 13.0% of the treatment group versus 14.8% of the placebo group. This study provided
the first evidence that mineralocorticoid receptor antagonists were effective at preventing
the progression of kidney disease in diabetic patients, rather than relying on the surrogate
outcome of proteinuria as in prior trials.
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Other Considerations: Preventing and Managing Hyperkalemia

One of the risks of using MRAs is the associated risk of hyperkalemia, which is theo-
retically increased when blocking steps of the RAAS in sequence. Indeed, a meta-analysis
of small trials adding steroidal and non-steroidal MRAs to ACE/ARB found that the risk of
hyperkalemia was higher with the combination of medications than with ACE/ARB alone.
This was not seen in the EMPHASIS trial of heart failure patients, in which 93% of patients
were on ACE/ARB concurrently with eplerenone and which notably excluded patients
with a serum potassium of >5 mmol/L from randomization. Similarly, the FIDELIO-DKD
trial did not randomize any patients with a starting potassium of >4.8 mmol/L and noted
fairly low risk of mild (21.4%) and moderate (4.5%) hyperkalemia over 2.6 years of follow-
up. At initiation, 2.5% of patients were on potassium-lowering medications at baseline, and
by the end of the study, approximately 10% of patients needed such medications [28,29].

The design of the more recent studies of finerenone can be considered when making
therapeutic decisions for our patients. Patients in whom serum potassium is near or above
5 mmol/L on ACE/ARB alone should be considered to be outside the safety parameters
included within these studies, and the decision to start MRA should be made carefully. In
all patients, routine potassium monitoring, occasional temporary treatment interruption,
and dose reduction are advised in the event of hyperkalemia. Combination with oral
potassium binders can also be considered for hyperkalemic patients on RAS inhibition
therapy. This strategy was tested in the OPAL-HK Trial and found to be effective in patients
with CKD [20]. It is worth noting that the percentage of patients in this trial who were
receiving MRA or dual blockade with ACEi/ARB and MRA was relatively small, but there
is no reason to suspect oral potassium binders would not be as effective in this setting,
given their distinct and unrelated mechanism of action.

4. Sodium-Glucose Co-Transporter 2 Inhibitors

Although thought of as a glucose-lowering medication with proven cardiovascular
benefits, sodium-glucose co-transporter 2 inhibitors (SGLT2i) have shown positive effects
on blood pressure. Early evidence in the EMPA-REG OUTCOME and CANVAS trials
demonstrated reduced blood pressure in treatment groups, the cause of which has been the
subject of debate and research [30,31].

The mechanism of this observed blood pressure-lowering effect is thought to be
secondary to natriuresis and osmotic diuresis via local inhibition of RAAS. The increased
sodium delivery to the juxtaglomerular apparatus is thought to cause an increase in sodium
excretion by 15–20% [32]. These hemodynamic effects may provide protection against
heart failure by improving filling conditions and reducing whole-body sodium content.
This effect was demonstrated by Ferrannini et al. that one dose of empagliflozin given to
individuals with diabetes led to mild diuresis and blood pressure reduction within one
hour of treatment, in addition to a drop in creatinine clearance, an effect that persisted with
chronic use [33,34]. Experimental models have demonstrated that SGLT2 inhibitors also
decrease intraglomerular capillary hypertension and hyperfiltration, leading to a reduction
of albuminuria and oxygen demand for tubular reabsorption [35]. Chemical denervation
in mouse models of nephrogenic hypertension reduced BP and SGLT2 protein expression,
suggesting that there is crosstalk between the sympathetic nervous system and SGLT2
regulation with possible effects on endothelial function as well [36,37].

In 2015, investigators evaluated the blood pressure effect of empagliflozin in patients
with type 2 diabetes and hypertension, observing a systolic BP reduction of 3.4 mmHg
with 10 mg of empagliflozin and 4.1 mmHg with 25 mg of empagliflozin, respectively
(95% CI –4.78 to –2.09; p < 0.001) [38]. In a trial of dapagliflozin compared to placebo,
systolic BP was reduced by –4.28 mmHg (95% CI 6.54 to –2.02; p = 0.0002). SGLT2i had a
synergistic effect with calcium channel blockers and beta-blockers but not with thiazide
diuretics [39]. Ferdinand et al. randomized patients to either a placebo or a slowly titrated
dose of empagliflozin and observed a blood pressure difference of –8.39 mmHg (95% CI
–13.04; p = 0.0025) at 24 weeks [40]. A post hoc analysis of the CREDENCE trial revealed a
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high burden of patients with hypertension; 25% of patients had a systolic BP > 150 mmHg,
30% had resistant hypertension, and 20% were on four or more antihypertensives. This
analysis found a reduction of BP of –3.5 mmHg from baseline at week 3, consistent in
all hypertensive groups treated with SGLT2i [41]. In all these trials, reductions in blood
pressure were seen after several weeks and persisted for at least several months [42].

4.1. Magnitude of Effect and Patient Selection Considerations

Although these BP improvements are significant, they are small in magnitude, and
additional studies are needed to determine their role as primary antihypertensive agents.
There are concerns about orthostatic hypotension with the use of any diuretic. However, a
meta-analysis of 16 randomized controlled trials (RCT) demonstrated that SGLT2i were
not significantly associated with orthostatic hypotension. This meta-analysis noted that if
baseline BP ≥ 130/80 mmHg, there was an increasing risk of orthostatic hypotension and a
trend toward increased risk in patients with longer duration of T2DM [43].

SGLT2i might have a role in cases of resistant hypertension (RHT, defined as blood
pressure above the guideline target despite the use of three or more antihypertensives at
optimal doses) [4,44,45]. In a post hoc analysis [46] of the EMPA-REG OUTCOME trial,
empagliflozin reduced SBP and DBP by 4.5 mmHg (95% CI 3.1–5.9) and 1.7 mmHg (95%
CI 0.9–2.5) in patients with presumed resistant hypertension (pRHT). Although this trial
was not designed as an efficacy trial, there was no standard definition of RHT as it did not
account for accurate BP measurements, medication adherence, or white coat hypertension.

Lastly, diverse representation in clinical trials is very important, as clinicians must
ensure the treatment is effective for other racial/ethnic populations. Black individuals’
participation in these trials is low. Although underrepresentation continues in clinical trials,
several efforts have been made to decrease the gap, as these medications can reduce and
theoretically eliminate disparities if they are widely prescribed [47,48].

4.2. Other Considerations: Safety of SGLT2i

In general, SGLT2i are well-tolerated, and data about their safety has been replicated
multiple times. The risk of hypoglycemia appears to be non-significant; however, it is
advised to adjust insulin or sulfonylureas if needed and continue blood glucose monitor-
ing [49]. Five large trials (EMPA-REG OUTCOME, DECLARE-TIMI, DAPA-CKD, CANVAS,
CREDENCE) did not demonstrate a higher incidence of urinary tract infections (UTIs).
Although one meta-analysis showed a higher incidence of UTIs in the SGLT2i group, two
others did not show the same findings. Post-marketing data, meta-analysis of RCTs, and
observational RCTs have demonstrated an increased risk of genital infections when com-
pared to placebo. Still, most of these events are mild and easily treatable [50]. In severe
cases, it is recommended to discontinue SGLT2i.

Euglycemic diabetic ketoacidosis (DKA) has a low incidence and has been shown to
be statistically non-significant.

Although it is recommended to be cautious about starting SGLT2is in diabetic patients
with peripheral vascular disease, only one trial demonstrated a higher risk of lower limb
amputation with canagliflozin [31]. However, other major trials did not demonstrate similar
results [30,49,51].

5. Combining SGLT2 and Non-Steroidal MRAs

The ROTATE 3 study, a randomized crossover clinical trial of dapagliflozin and
eplerenone taken together, demonstrated a presumed physiologic principal that glycosuria
may increase potassium excretion, as the combination in the study decreased the risk
of hyperkalemia (K serum change from baseline, 0.23 mmol/L) [52]. In a rat model of
hypertension, a cardiovascular benefit was demonstrated over the course of 7 weeks with
either finerenone, empagliflozin, or a combination of both. There was a 93% survival benefit
in the low-dose combination group in comparison to the placebo-treated group (50%) [53].
The combination effect is currently undergoing a phase 2 randomized, controlled, double-
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blind, double-dummy study, the CONFIDENCE trial (NCT05254002), the primary objective
of which is to demonstrate the dual use of empagliflozin and finerenone is superior for
reduction of albuminuria. Although the blood pressure effect will be a secondary endpoint,
it may shed light on any synergism the combination may have.

6. Guidelines on SGLT2 and Non-Steroidal MRAs on Hypertension Management

In the most recent guidelines for hypertension, SGLT2i, and non-steroidal MRAs
are mentioned as having mild to moderate BP effects in comparison to classical anti-
hypertensives but with the added benefit of improving cardiovascular and kidney out-
comes. The 2023 European Society of Hypertension, in addition to the standard recom-
mendation of starting with ACEi/ARBs, suggests adding SGLT2i for patients with diabetic
and non-diabetic CKD if eGFR is at least 20 mL/min/1.73 m2. The non-steroidal MRA
finerenone is recommended in patients with CKD and albuminuria if eGFR is at least
25 mL/min/1.73 m2 as a class I recommendation with an “A” level of evidence [54]. The
AHA/ACC/HFSA guidelines for the management of heart failure recommend SGLT2i (2A).
However, it is acknowledged that there is a gap in evidence to recommend non-steroidal
MRAs for the treatment of heart failure [55].

In the ADA-KDIGO joint statement for the management of diabetes in patients with
CKD, SGLT2i is recommended as a first-line add-on therapy, and non-steroidal MRAs are
recommended as additional risk-based therapy in patients with persistent albuminuria
despite maximum dose of RAAS blockade [56]. Not all patients will be able to tolerate
SGLT2i in addition to ACEi or ARB. These patients should be considered for non-steroidal
MRA addition if they meet indication and lab qualifications.

7. Novel Therapies

It is an exciting time for those who care for patients with diabetic kidney disease.
Several agents are being tested for efficacy in this population for additional benefit beyond
hypertension control.

SGLT2i have been increasingly studied on the secondary downstream effects. Some
evidence has suggested that chronic hypoxia may be the primary pathophysiological path-
way driving diabetic kidney disease and CKD, among other causes. Diabetes mellitus
is thought to compromise the oxygen balance by impairing oxygen delivery owing to
hyperglycemia-associated microvascular damage and exacerbating oxygen demand owing
to increased sodium reabsorption as a result of SGLT upregulation and glomerular hyper-
filtration. Adding an SGLT2i may decrease hypoxia-inducible factor-1alpha (HIF-1alpha)
in the kidney, revealing less tissue hypoxia [57]. More research is ongoing as we learn more
about kidney hypoxia and augmentation.

Pentoxifylline is a nonspecific phosphodiesterase inhibitor that has anti-inflammatory
properties. In vitro, it showed promise as it reduced proliferation and differentiation of
renal fibroblasts [58]. Subsequently, many RCTs have shown a reduction in albuminuria
and a decrease in the slope of eGFR with the use of pentoxifylline in diabetic kidney disease,
culminating in the 2019 published PREDIAN study, which demonstrated an impressive
15% change in urinary albumin excretion as well as a significantly decreased rate of eGFR
decline when pentoxifylline was added on to RAS blockade in diabetic patients [59]. The
large, randomized controlled VA PTXRx trial is underway to provide evidence for the
reduction of clinical endpoints such as ESKD and death.

Meanwhile, while GLP-1 agonists have gained popularity for their role in weight
loss and glucose control, their independent renoprotective effects have also come into the
limelight. The GLP-1 receptor is expressed in the renal blood vessels, cortex, and tubules,
and its inhibition has been shown in vivo and in animal models to decrease pro-fibrotic
signaling. For example, in the rat model of obesity-related glomerulonephropathy, TNF-
alpha signaling was decreased in response to liraglutide treatment, and morphological
changes to podocytes were improved [60]. To that end, the FLOW trial is a randomized
controlled trial comparing semaglutide to placebo in patients with proteinuric diabetic
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kidney disease who are on RAS blockade. The endpoint is a composite of time to kidney
failure, eGFR reduction, and renal or cardiovascular death, and the trial is expected to be
completed in 2024 [61].

Other novel therapies are upcoming in the kidney space for CKD that may offer un-
known insights and clinical improvements. Tirzepatide (LY3298176), a novel insulinotropic
polypeptide and GLP-1 combination injection is being studied in combination with ACEi/ARB
in the TREASURE-CKD trial (Clinicaltrials.gov: NCT05536804). This study will look at
patients with diabetes and outcomes of kidney oxygenation, UACR change, and body
weight. Improvements in these parameters may have a positive impact on measured
blood pressure concomitantly. The ZENITH-CKD trial (ClinicalTrials.gov: NCT04724837)
is ongoing, which combines SGLT2i dapagliflozin with ETA receptor antagonist zibotentan
in patients with CKD [62]. Primary outcomes will be UACR change and secondary eGFR
slope. Again, blood pressure will be closely monitored, given both agents are linked to
lowering blood pressure. Ocedurenone (KBP-5074), a novel non-steroidal MRA, is being
studied in the Clarion-CKD trial (ClinicalTrials.gov: NCT04968184) in patients with CKD
and uncontrolled hypertension. Primary outcomes will be changes in systolic blood pres-
sure with secondary measures of UACR changes over several months. Adding another
MRA to the group may prove to be another tool for this challenging group of patients.
Table 1 includes promising ongoing clinical trials for hypertension medication goals in
patients with DKD.

Table 1. Ongoing major clinical trials in DKD from ClinicalTrials.gov.

Study Title Trial Identification Enrolled Primary Outcomes

Pentoxifylline in DKD NCT03625648
PTXRx

2510 patients
Pentoxifylline vs. Placebo Time to ESRD or Death

A Phase 3 Study of Bardoxolone
Methyl in Patients with DKD

NCT03550443
AYAME

1323 patients
Bardoxolone vs. Placebo

Time to onset of a >30% dec in
EGFR from baseline or ESRD

Prognostic Imaging Biomarkers
for DKD

NCT03716401
iBEAt

500 patients
Biopsy vs. MRI follow-up,
Microvascular

Cross-sectional. MRI
biomarkers will be combined
with fluid-based biomarkers

Comparison Between the
Efficacy of SGLT2i vs. ACEi in
DKD

NCT05373004
SGLT2i vs. ACEi

212 patients
Empagliflozin vs. Enalapril

eGFR rate, UACR
measurement

Decision Impact Trial of
KidneyIntelX NCT04791358 1500 patients

KidneyIntelX test

Blood pressure, HBA1c,
ACEi/ARB, SGLT2i/GLP1,
UACR

SGLT2i Prophylaxis Against
Post-contrast AKI in DKD NCT04853615

800 patients
Normal Saline vs.
Allopurinol/linagliptin vs.
SGLT2i vs. SGLT2i/allopurinol

SGLT2i proves protective,
non-inferiority to allopurinol

PREvention of CardIovascular
and DKD in Type 2 DM

NCT05390892
PRECIDENTD

9000 participants
SGLT2i vs. GLP1 vs.
SGLT2i/GLP1

Total CV, Kidney, and Death
events

Efficacy of a High-Intensity
Physical Activity Program on
Renal Function

NCT03184662
ACTIDIANE

300 patients
Twice weekly activity session vs.
Counseling alone

Renal Function Decline

Repository of Novel Analytes
Leading to Autoimmune,
Inflammatory, and DKD

NCT01802034
RENAL AID

2000 patients
Biopsy tissue repository vs.
nonuse of RENAL AID

Change in disease progression

Atrasentan in Patients with
Proteinuric Glomerular Disease

NCT04573920
AFFINITY

100 patients
0.75 mg atrasentan and 1.5 mg
atrasentan (FSGS)

Change in proteinuria,
albuminuria (DKD)
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Table 1. Cont.

Study Title Trial Identification Enrolled Primary Outcomes

Efficacy, Safety, and Tolerability
of AZD9977 and Dapagliflozin in
Participants with HF and CKD

NCT04595370
MIRACLE

500 patients
AZD9977 Dosings +
Dapagliflozin

Percent change in UACR at
12 weeks

BI 690517 Alone vs. Combination
with Empagliflozin in CKD NCT05182840

714 patients
Empagliflozin + BI 690517 vs.
Placebo combinations

Change in UACR

Finerenone and Empagliflozin
Combination vs. Alone

NCT05254002
CONFIDENCE

807 patients
Finerenone/Empagliflozin, vs.
Empagliflozin, vs. Finerenone

Change in UACR at 180 days

Ocedurenone KBP-5074 NCT04968184
Clarion-CKD

600 patients
KBP-5074 vs. placebo

Change in SBP at 12 weeks
and SBP at 48 weeks

8. Conclusions

When considering the treatment of hypertension in diabetic patients with chronic kid-
ney disease, a focus should be made to maximize therapy, which demonstrates additional
benefits in proteinuria reduction, prevention of eGFR decrease, or cardiovascular benefit.
Though hyperkalemia and cost can be dose- or class-limiting, these medications should be
maximized when possible. Novel therapies such as pentoxifylline and GLP-1 agonists may
provide some blood pressure-neutral interventions for diabetic kidney disease and could
be used simultaneously with existing therapies.

Chronic hypertension is a major public health problem, and existing drugs like SGLT2i
and non-steroidal MRAs have shown cardiovascular and kidney benefits in major clinical
trials. The addition of SGLT2 inhibitors and finerenone should be considered in the
treatment of hypertension as well as resistant hypertension.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: Colbert: Consultant for AstraZeneca, Bayer and CSL Vifor. Lerma: Consultant
for AstraZeneca, Bayer, Boehringer Ingelheim, CSL Vifor.

References
1. Kidney Disease: Improving Global Outcomes (KDIGO) Blood Pressure Work Group. KDIGO 2021 Clinical Practice Guideline for

the Management of Blood Pressure in Chronic Kidney Disease. Kidney Int. 2021, 99, S1–S87. [CrossRef] [PubMed]
2. Pohl, M.A.; Blumenthal, S.; Cordonnier, D.J.; De Alvaro, F.; Deferrari, G.; Eisner, G.; Esmatjes, E.; Gilbert, R.E.; Hunsicker,

L.G.; de Faria, J.B.; et al. Independent and additive impact of blood pressure control and angiotensin II receptor blockade on
renal outcomes in the irbesartan diabetic nephropathy trial: Clinical implications and limitations. J. Am. Soc. Nephrol. 2005, 16,
3027–3037. [CrossRef] [PubMed]

3. Bakris, G.L.; Weir, M.R.; Shanifar, S.; Zhang, Z.; Douglas, J.; van Dijk, D.J.; Brenner, B.M.; RENAAL Study Group. Effects of blood
pressure level on progression of diabetic nephropathy: Results from the RENAAL study. Arch. Intern. Med. 2003, 163, 1555–1565.
[CrossRef] [PubMed]

4. Sanidas, E.A.; Papadopoulos, D.P.; Hatziagelaki, E.; Grassos, C.; Velliou, M.; Barbetseas, J. Sodium Glucose Cotransporter 2
(SGLT2) Inhibitors Across the Spectrum of Hypertension. Am. J. Hypertens. 2020, 33, 207–213. [CrossRef] [PubMed]

5. Lewis, E.J.; Hunsicker, L.G.; Bain, R.P.; Rohde, R.D. The effect of angiotensin-converting-enzyme inhibition on diabetic nephropa-
thy. The Collaborative Study Group. N. Engl. J. Med. 1993, 329, 1456–1462. [CrossRef] [PubMed]

6. The GISEN Group (Gruppo Italiano di Studi Epidemiologici in Nefrologia). Randomised placebo-controlled trial of effect of
ramipril on decline in glomerular filtration rate and risk of terminal renal failure in proteinuric, non-diabetic nephropathy. Lancet
1997, 349, 1857–1863. [CrossRef]

7. Jafar, T.H. Angiotensin-converting enzyme inhibitors and progression of nondiabetic renal disease. Ann. Intern. Med. 2001, 135,
73. [CrossRef]

https://doi.org/10.1016/j.kint.2020.11.003
https://www.ncbi.nlm.nih.gov/pubmed/33637192
https://doi.org/10.1681/ASN.2004110919
https://www.ncbi.nlm.nih.gov/pubmed/16120823
https://doi.org/10.1001/archinte.163.13.1555
https://www.ncbi.nlm.nih.gov/pubmed/12860578
https://doi.org/10.1093/ajh/hpz157
https://www.ncbi.nlm.nih.gov/pubmed/31541572
https://doi.org/10.1056/NEJM199311113292004
https://www.ncbi.nlm.nih.gov/pubmed/8413456
https://doi.org/10.1016/S0140-6736(96)11445-8
https://doi.org/10.7326/0003-4819-135-2-200107170-00007


J. Clin. Med. 2023, 12, 6868 10 of 12

8. Lewis, E.J.; Hunsicker, L.G.; Clarke, W.R.; Berl, T.; Pohl, M.A.; Lewis, J.B.; Ritz, E.; Atkins, R.C.; Rohde, R.; Raz, I.; et al.
Renoprotective effect of the angiotensin-receptor antagonist irbesartan in patients with nephropathy due to type 2 diabetes. N.
Engl. J. Med. 2001, 345, 851–860. [CrossRef]

9. Brenner, B.M.; Cooper, M.E.; De Zeeuw, D.; Keane, W.F.; Mitch, W.E.; Parving, H.-H.; Remuzzi, G.; Snapinn, S.M.; Zhang, Z.;
Shahinfar, S. Effects of losartan on renal cardiovascular outcomes in patients with type 2 diabetes nephropathy. N. Engl. J. Med.
2001, 345, 861–869. [CrossRef]

10. Alsalemi, N.; Sadowski, C.A.; Elftouh, N.; Louis, M.; Kilpatrick, K.; Houle, S.K.; Lafrance, J.P. The effect of renin-angiotensin-
aldosterone system inhibitors on continuous and binary kidney outcomes in subgroups of patients with diabetes: A meta-analysis
of randomized clinical trials. BMC Nephrol. 2022, 23, 161. [CrossRef]

11. Elrggal, M.E.; Ahmed SM, S.; El Nahas, M. Renin-Angiotensin-Aldosterone system blockade in diabetic kidney disease: A critical
and contrarian point of view. Saudi J. Kidney Dis. Transpl. 2016, 27, 1103–1113. [CrossRef] [PubMed]

12. Mann, J.F.; Gerstein, H.C.; Pogue, J.; Bosch, J.; Yusuf, S. Renal insufficiency as a predictor of cardiovascular outcomes and the
impact of ramipril: The HOPE randomized trial. Ann. Intern. Med. 2001, 134, 629–636. [CrossRef] [PubMed]

13. Heart Outcomes Prevention Evaluation Study Investigators. Effects of ramipril on cardiovascular and microvascular outcomes in
people with diabetes mellitus: Results of the HOPE study and MICRO-HOPE substudy. Lancet 2000, 355, 253–259. [CrossRef]

14. Strippoli, G.F.; Bonifati, C.; Craig, M.; Navaneethan, S.D.; Craig, J.C.; Cochrane Kidney and Transplant Group. Angiotensin
converting enzyme inhibitors and angiotensin II receptor antagonists for preventing the progression of diabetic kidney disease.
Cochrane Database Syst. Rev. 2006, 2006, CD006257. [CrossRef] [PubMed]

15. Xie, X.; Liu, Y.; Perkovic, V.; Li, X.; Ninomiya, T.; Hou, W.; Zhao, N.; Liu, L.; Lv, J.; Zhang, H.; et al. Renin-angiotensin system
inhibitors kidney cardiovascular outcomes in patients with CKD: ABayesian network meta-analysis of randomized clinical trials.
Am. J. Kidney Dis. 2016, 67, 728–741. [CrossRef]

16. ONTARGET Investigators. Telmisartan ramipril or both in patients at high risk for vascular events. N. Engl. J. Med. 2008, 358,
1547–1559. [CrossRef] [PubMed]

17. Fried, L.F.; Emanuele, N.; Zhang, J.H.; Brophy, M.; Conner, T.A.; Duckworth, W.; Leehey, D.J.; McCullough, P.A.; O’Connor, T.;
Palevsky, P.M.; et al. Combined angiotensin inhibition for the treatment of diabetic nephropathy. N. Engl. J. Med. 2013, 369,
1892–1903. [CrossRef] [PubMed]

18. Clase, C.M.; Barzilay, J.; Gao, P.; Smyth, A.; Schmieder, R.E.; Tobe, S.; Teo, K.K.; Yusuf, S.; Mann, J.F. Acute change in glomerular
filtration rate with inhibition of the renin-angiotensin system does not predict subsequent renal and cardiovascular outcomes.
Kidney Int. 2017, 91, 683–690. [CrossRef]

19. Leon, S.J.; Whitlock, R.; Rigatto, C.; Komenda, P.; Bohm, C.; Sucha, E.; Bota, S.E.; Tuna, M.; Collister, D.; Sood, M.; et al.
Hyperkalemia-Related Discontinuation of Renin-Angiotensin-Aldosterone System Inhibitors and Clinical Outcomes in CKD: A
Population-Based Cohort Study. Am. J. Kidney Dis. 2022, 80, 164–173. [CrossRef]

20. Weir, M.R.; Bakris, G.L.; Bushinsky, D.A.; Mayo, M.R.; Garza, D.; Stasiv, Y.; Wittes, J.; Christ-Schmidt, H.; Berman, L.; Pitt, B.
Patiromer in patients with kidney disease hyperkalemia receiving RAAS inhibitors. N. Engl. J. Med. 2015, 372, 211–221. [CrossRef]

21. Spinowitz, B.S.; Fishbane, S.; Pergola, P.E.; Roger, S.D.; Lerma, E.V.; Butler, J.; von Haehling, S.; Adler, S.H.; Zhao, J.; Singh, B.; et al.
Sodium Zirconium Cyclosilicate among Individuals with Hyperkalemia: A 12-Month Phase 3 Study. Clin. J. Am. Soc. Nephrol.
2019, 14, 798–809. [CrossRef]

22. Bhandari, S.; Mehta, S.; Khwaja, A.; Cleland, J.G.; Ives, N.; Brettell, E.; Chadburn, M.; Cockwell, P. Renin-Angiotensin System
Inhibition in Advanced Chronic Kidney Disease. N. Engl. J. Med. 2022, 387, 2021–2032. [CrossRef]

23. Bakris, G.L.; Weir, M.R.; Secic, M.; Campbell, B.; Weis-McNulty, A. Differential effects of calcium antagonist subclasses on markers
of nephropathy progression. Kidney Int. 2004, 65, 1991–2002. [CrossRef]

24. Pitt, B.; Remme, W.; Zannad, F.; Neaton, J.; Martinez, F.; Roniker, B.; Bittman, R.; Hurley, S.; Kleiman, J.; Gatlin, M.; et al.
Eplerenone, a selective aldosterone blocker, in patients with left ventricular dysfunction after myocardial infarction. N. Engl. J.
Med. 2003, 348, 1309–1321. [CrossRef]

25. Zannad, F.; McMurray, J.J.; Krum, H.; van Veldhuisen, D.J.; Swedberg, K.; Shi, H.; Vincent, J.; Pocock, S.J.; Pitt, B. Eplerenone in
patients with systolic heart failure and mild symptoms. N. Engl. J. Med. 2011, 364, 11–21. [CrossRef]

26. Pitt, B.; Filippatos, G.; Agarwal, R.; Anker, S.D.; Bakris, G.L.; Rossing, P.; Joseph, A.; Kolkhof, P.; Nowack, C.; Schloemer, P.; et al.
Cardiovascular Events with Finerenone in Kidney Disease and Type 2 Diabetes. N. Engl. J. Med. 2021, 385, 2252–2263. [CrossRef]

27. Currie, G.; Taylor, A.H.; Fujita, T.; Ohtsu, H.; Lindhardt, M.; Rossing, P.; Boesby, L.; Edwards, N.C.; Ferro, C.J.; Townend, J.N.;
et al. Effect of mineralocorticoid receptor antagonists on proteinuria and progression of chronic kidney disease: A systematic
review and meta-analysis. BMC Nephrol. 2016, 17, 127. [CrossRef]

28. Bakris, G.L.; Agarwal, R.; Anker, S.D.; Pitt, B.; Ruilope, L.M.; Rossing, P.; Kolkhof, P.; Nowack, C.; Schloemer, P.; Joseph, A.; et al.
Effect of Finerenone on Chronic Kidney Disease Outcomes in Type 2 Diabetes. N. Engl. J. Med. 2020, 383, 2219–2229. [CrossRef]

29. Agarwal, R.; Joseph, A.; Anker, S.D.; Filippatos, G.; Rossing, P.; Ruilope, L.M.; Pitt, B.; Kolkhof, P.; Scott, C.; Lawatscheck, R.; et al.
Hyperkalemia Risk with Finerenone: Results from the FIDELIO-DKD Trial. J. Am. Soc. Nephrol. 2022, 33, 225–237. [CrossRef]

30. Neal, B.; Perkovic, V.; Mahaffey, K.W.; de Zeeuw, D.; Fulcher, G.; Erondu, N.; Shaw, W.; Law, G.; Desai, M.; Matthews, D.R.; et al.
Canagliflozin and Cardiovascular and Renal Events in Type 2 Diabetes. N. Engl. J. Med. 2017, 377, 644–657. [CrossRef]

https://doi.org/10.1056/NEJMoa011303
https://doi.org/10.1056/NEJMoa011161
https://doi.org/10.1186/s12882-022-02763-1
https://doi.org/10.4103/1319-2442.194583
https://www.ncbi.nlm.nih.gov/pubmed/27900954
https://doi.org/10.7326/0003-4819-134-8-200104170-00007
https://www.ncbi.nlm.nih.gov/pubmed/11304102
https://doi.org/10.1016/S0140-6736(99)12323-7
https://doi.org/10.1002/14651858.CD006257
https://www.ncbi.nlm.nih.gov/pubmed/17054288
https://doi.org/10.1053/j.ajkd.2015.10.011
https://doi.org/10.1056/NEJMoa0801317
https://www.ncbi.nlm.nih.gov/pubmed/18378520
https://doi.org/10.1056/NEJMoa1303154
https://www.ncbi.nlm.nih.gov/pubmed/24206457
https://doi.org/10.1016/j.kint.2016.09.038
https://doi.org/10.1053/j.ajkd.2022.01.002
https://doi.org/10.1056/NEJMoa1410853
https://doi.org/10.2215/CJN.12651018
https://doi.org/10.1056/NEJMoa2210639
https://doi.org/10.1111/j.1523-1755.2004.00620.x
https://doi.org/10.1056/NEJMoa030207
https://doi.org/10.1056/NEJMoa1009492
https://doi.org/10.1056/NEJMoa2110956
https://doi.org/10.1186/s12882-016-0337-0
https://doi.org/10.1056/NEJMoa2025845
https://doi.org/10.1681/ASN.2021070942
https://doi.org/10.1056/NEJMoa1611925


J. Clin. Med. 2023, 12, 6868 11 of 12

31. Zinman, B.; Wanner, C.; Lachin, J.M.; Fitchett, D.; Bluhmki, E.; Hantel, S.; Mattheus, M.; Devins, T.; Johansen, O.E.; Woerle,
H.J.; et al. Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes. N. Engl. J. Med. 2015, 373, 2117–2128.
[CrossRef]

32. Reed, J.W. Impact of sodium-glucose cotransporter 2 inhibitors on blood pressure. Vasc. Health Risk Manag. 2016, 12, 393–405.
[CrossRef]

33. Ferrannini, E.; Muscelli, E.; Frascerra, S.; Baldi, S.; Mari, A.; Heise, T.; Broedl, U.C.; Woerle, H.J. Metabolic response to sodium-
glucose cotransporter 2 inhibition in type 2 diabetic patients. J. Clin. Investig. 2014, 124, 499–508. [CrossRef]

34. Hallow, K.M.; Helmlinger, G.; Greasley, P.J.; McMurray, J.J.V.; Boulton, D.W. Why do SGLT2 inhibitors reduce heart failure
hospitalization? A differential volume regulation hypothesis. Diabetes Obes. Metab. 2018, 20, 479–487. [CrossRef]

35. Vallon, V.; Verma, S. Effects of SGLT2 Inhibitors on Kidney and Cardiovascular Function. Annu. Rev. Physiol. 2021, 83, 503–528.
[CrossRef]

36. Herat, L.Y.; Magno, A.L.; Rudnicka, C.; Hricova, J.; Carnagarin, R.; Ward, N.C.; Arcambal, A.; Kiuchi, M.G.; Head, G.A.; Schlaich,
M.P.; et al. SGLT2 Inhibitor-Induced Sympathoinhibition: A Novel Mechanism for Cardiorenal Protection. JACC Basic Transl. Sci.
2020, 5, 169–179. [CrossRef]

37. Kravtsova, O.; Bohovyk, R.; Levchenko, V.; Palygin, O.; Klemens, C.A.; Rieg, T.; Staruschenko, A. SGLT2 inhibition effect
on salt-induced hypertension, RAAS, and Na+ transport in Dahl SS rats. Am. J. Physiol. Renal Physiol. 2022, 322, F692–F707.
[CrossRef]

38. Tikkanen, I.; Narko, K.; Zeller, C.; Green, A.; Salsali, A.; Broedl, U.C.; Woerle, H.J.; EMPA-REG BP Investigators. Empagliflozin
reduces blood pressure in patients with type 2 diabetes and hypertension. Diabetes Care 2015, 38, 420–428. [CrossRef]

39. Weber, M.A.; Mansfield, T.A.; Cain, V.A.; Iqbal, N.; Parikh, S.; Ptaszynska, A. Blood pressure and glycaemic effects of dapagliflozin
versus placebo in patients with type 2 diabetes on combination antihypertensive therapy: A randomised, double-blind, placebo-
controlled, phase 3 study. Lancet Diabetes Endocrinol. 2016, 4, 211–220. [CrossRef]

40. Ferdinand, K.C.; Izzo, J.L.; Lee, J.; Meng, L.; George, J.; Salsali, A.; Seman, L. Antihyperglycemic and Blood Pressure Effects of
Empagliflozin in Black Patients with Type 2 Diabetes Mellitus and Hypertension. Circulation 2019, 139, 2098–2109. [CrossRef]

41. Yu, Z.; Coresh, J.; Qi, G.; Grams, M.; Boerwinkle, E.; Snieder, H.; Teumer, A.; Pattaro, C.; Köttgen, A.; Chatterjee, N.; et al. A
bidirectional Mendelian randomization study supports causal effects of kidney function on blood pressure. Kidney Int. 2020, 98,
708–716. [CrossRef] [PubMed]

42. Ettehad, D.; Emdin, C.A.; Kiran, A.; Anderson, S.G.; Callender, T.; Emberson, J.; Chalmers, J.; Rodgers, A.; Rahimi, K. Blood
pressure lowering for prevention of cardiovascular disease and death: A systematic review and meta-analysis. Lancet 2016, 387,
957–967. [CrossRef] [PubMed]

43. Rong, X.; Li, X.; Gou, Q.; Liu, K.; Chen, X. Risk of orthostatic hypotension associated with sodium-glucose cotransporter-2
inhibitor treatment: A meta-analysis of randomized controlled trials. Diab Vasc. Dis. Res. 2020, 17, 1479164120953625. [CrossRef]
[PubMed]

44. Hollander, P.; Bays, H.E.; Rosenstock, J.; Frustaci, M.E.; Fung, A.; Vercruysse, F.; Erondu, N. Coadministration of Canagliflozin
and Phentermine for Weight Management in Overweight and Obese Individuals without Diabetes: A Randomized Clinical Trial.
Diabetes Care 2017, 40, 632–639. [CrossRef]

45. Kario, K.; Okada, K.; Kato, M.; Nishizawa, M.; Yoshida, T.; Asano, T.; Uchiyama, K.; Niijima, Y.; Katsuya, T.; Urata, H.; et al.
Twenty-Four-Hour Blood Pressure-Lowering Effect of a Sodium-Glucose Cotransporter 2 Inhibitor in Patients with Diabetes and
Uncontrolled Nocturnal Hypertension: Results From the Randomized, Placebo-Controlled SACRA Study. Circulation 2019, 139,
2089–2097. [CrossRef]

46. Ferreira, J.P.; Fitchett, D.; Ofstad, A.P.; Kraus, B.J.; Wanner, C.; Zwiener, I.; Zinman, B.; Lauer, S.; George, J.T.; Rossignol, P.; et al.
Empagliflozin for Patients with Presumed Resistant Hypertension: A Post Hoc Analysis of the EMPA-REG OUTCOME Trial. Am.
J. Hypertens. 2020, 33, 1092–1101. [CrossRef]

47. Williams, B.; MacDonald, T.M.; Morant, S.; Webb, D.J.; Sever, P.; McInnes, G.; Ford, I.; Cruickshank, J.K.; Caulfield, M.J.;
Salsbury, J.; et al. Spironolactone versus placebo, bisoprolol, and doxazosin to determine the optimal treatment for drug-resistant
hypertension (PATHWAY-2): A randomised, double-blind, crossover trial. Lancet 2015, 386, 2059–2068. [CrossRef]

48. Nasser, S.A.; Arora, N.; Ferdinand, K.C. Addressing Cardiovascular Disparities in Racial/Ethnic Populations: The Blood
Pressure-Lowering Effects of SGLT2 Inhibitors. Rev. Cardiovasc. Med. 2022, 23, 411. [CrossRef]

49. Heerspink, H.J.L.; Stefánsson, B.V.; Correa-Rotter, R.; Chertow, G.M.; Greene, T.; Hou, F.F.; Mann, J.F.E.; McMurray, J.J.V.; Lindberg,
M.; Rossing, P.; et al. Dapagliflozin in Patients with Chronic Kidney Disease. N. Engl. J. Med. 2020, 383, 1436–1446. [CrossRef]

50. Alqudsi, M.; Velez, J.C.Q.; Navarrete, J. Medical management of resistant hypertension: The role of sodium-glucose cotransporter
2 inhibitors (SGLT2i). Curr. Opin. Cardiol. 2021, 36, 420–428. [CrossRef]

51. Wiviott, S.D.; Raz, I.; Bonaca, M.P.; Mosenzon, O.; Kato, E.T.; Cahn, A.; Silverman, M.G.; Zelniker, T.A.; Kuder, J.F.; Murphy, S.A.;
et al. Dapagliflozin and Cardiovascular Outcomes in Type 2 Diabetes. N. Engl. J. Med. 2019, 380, 347–357. [CrossRef] [PubMed]

52. Provenzano, M.; Puchades, M.J.; Garofalo, C.; Jongs, N.; D’Marco, L.; Andreucci, M.; De Nicola, L.; Gorriz, J.L.; Heerspink, H.J.L.;
ROTATE-3 Study Group; et al. Albuminuria-Lowering Effect of Dapagliflozin, Eplerenone, and Their Combination in Patients
with Chronic Kidney Disease: A Randomized Crossover Clinical Trial. J. Am. Soc. Nephrol. 2022, 33, 1569–1580. [CrossRef]

https://doi.org/10.1056/NEJMoa1504720
https://doi.org/10.2147/VHRM.S111991
https://doi.org/10.1172/JCI72227
https://doi.org/10.1111/dom.13126
https://doi.org/10.1146/annurev-physiol-031620-095920
https://doi.org/10.1016/j.jacbts.2019.11.007
https://doi.org/10.1152/ajprenal.00053.2022
https://doi.org/10.2337/dc14-1096
https://doi.org/10.1016/S2213-8587(15)00417-9
https://doi.org/10.1161/CIRCULATIONAHA.118.036568
https://doi.org/10.1016/j.kint.2020.04.044
https://www.ncbi.nlm.nih.gov/pubmed/32454124
https://doi.org/10.1016/S0140-6736(15)01225-8
https://www.ncbi.nlm.nih.gov/pubmed/26724178
https://doi.org/10.1177/1479164120953625
https://www.ncbi.nlm.nih.gov/pubmed/32981346
https://doi.org/10.2337/dc16-2427
https://doi.org/10.1161/CIRCULATIONAHA.118.037076
https://doi.org/10.1093/ajh/hpaa073
https://doi.org/10.1016/S0140-6736(15)00257-3
https://doi.org/10.31083/j.rcm2312411
https://doi.org/10.1056/NEJMoa2024816
https://doi.org/10.1097/HCO.0000000000000865
https://doi.org/10.1056/NEJMoa1812389
https://www.ncbi.nlm.nih.gov/pubmed/30415602
https://doi.org/10.1681/ASN.2022020207


J. Clin. Med. 2023, 12, 6868 12 of 12

53. Kolkhof, P.; Hartmann, E.; Freyberger, A.; Pavkovic, M.; Mathar, I.; Sandner, P.; Droebner, K.; Joseph, A.; Hüser, J.; Eitner, F. Effects
of Finerenone Combined with Empagliflozin in a Model of Hypertension-Induced End-Organ Damage. Am. J. Nephrol. 2021, 52,
642–652. [CrossRef] [PubMed]

54. Mancia Chairperson, G.; Kreutz Co-Chair, R.; Brunström, M.; Burnier, M.; Grassi, G.; Januszewicz, A.; Muiesan, M.L.; Tsioufis, K.;
Agabiti-Rosei, E.; Algharably, E.A.E.; et al. 2023 ESH Guidelines for the management of arterial hypertension The Task Force for
the management of arterial hypertension of the European Society of Hypertension Endorsed by the European Renal Association
(ERA) and the International Society of Hypertension (ISH). J. Hypertens. 2023, 28, 1462–1536.

55. Heidenreich, P.A.; Bozkurt, B.; Aguilar, D.; Allen, L.A.; Byun, J.J.; Colvin, M.M.; Deswal, A.; Drazner, M.H.; Dunlay, S.M.;
Evers, L.R.; et al. 2022 AHA/ACC/HFSA Guideline for the Management of Heart Failure: A Report of the American College
of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. Circulation 2022, 145, e895–e1032.
[CrossRef]

56. de Boer, I.H.; Khunti, K.; Sadusky, T.; Tuttle, K.R.; Neumiller, J.J.; Rhee, C.M.; Rosas, S.E.; Rossing, P.; Bakris, G. Diabetes
Management in Chronic Kidney Disease: A Consensus Report by the American Diabetes Association (ADA) and Kidney Disease:
Improving Global Outcomes (KDIGO). Diabetes Care 2022, 45, 3075–3090. [CrossRef]

57. Hesp, A.C.; Schaub, J.A.; Prasad, P.V.; Vallon, V.; Laverman, G.D.; Bjornstad, P.; van Raalte, D.H. The role of renal hypoxia in the
pathogenesis of diabetic kidney disease: A promising target for newer renoprotective agents including SGLT2 inhibitors? Kidney
Int. 2020, 98, 579–589. [CrossRef]

58. Strutz, F.; Heeg, M.; Kochsiek, T.; Siemers, G.; Zeisberg, M.; Müller, G.A. Effects of pentoxifylline, pentifylline and gamma-
interferon on proliferation, differentiation, and matrix synthesis of human renal fibroblasts. Nephrol. Dial. Transpl. 2000, 15,
1535–1546. [CrossRef] [PubMed]

59. Navarro-González, J.F.; Mora-Fernández, C.; Muros de Fuentes, M.; Chahin, J.; Méndez, M.L.; Gallego, E.; Macía, M.; del Castillo,
N.; Rivero, A.; Getino, M.A.; et al. Effect of pentoxifylline on renal function and urinary albumin excretion in patients with
diabetic kidney disease: The PREDIAN trial. J. Am. Soc. Nephrol. 2015, 26, 220–229. [CrossRef]

60. Raun, K.; von Voss, P.; Gotfredsen, C.F.; Golozoubova, V.; Rolin, B.; Knudsen, L.B. Liraglutide, a long-acting glucagon-like
peptide-1 analog, reduces body weight and food intake in obese candy-fed rats, whereas a dipeptidyl peptidase-IV inhibitor,
vildagliptin, does not. Diabetes 2007, 56, 8–15. [CrossRef]

61. Rossing, P.; Baeres, F.M.M.; Bakris, G.; Bosch-Traberg, H.; Gislum, M.; Gough, S.C.L.; Idorn, T.; Lawson, J.; Mahaffey, K.W.; Mann,
J.F.E.; et al. The rationale, design and baseline data of FLOW, a kidney outcomes trial with once-weekly semaglutide in people
with type 2 diabetes and chronic kidney disease. Nephrol. Dial. Transpl. 2023, 38, 2041–2051. [CrossRef]

62. Heerspink, H.J.L.; Greasley, P.J.; Ahlström, C.; Althage, M.; Dwyer, J.P.; Law, G.; Wijkmark, E.; Lin, M.; Mercier, A.K.; Sunnåker,
M.; et al. Efficacy and safety of zibotentan and dapagliflozin in patients with chronic kidney disease: Study design and baseline
characteristics of the ZENITH-CKD trial. Nephrol. Dial. Transpl. 2023, gfad183. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1159/000516213
https://www.ncbi.nlm.nih.gov/pubmed/34111864
https://doi.org/10.1161/CIR.0000000000001063
https://doi.org/10.2337/dci22-0027
https://doi.org/10.1016/j.kint.2020.02.041
https://doi.org/10.1093/ndt/15.10.1535
https://www.ncbi.nlm.nih.gov/pubmed/11007820
https://doi.org/10.1681/ASN.2014010012
https://doi.org/10.2337/db06-0565
https://doi.org/10.1093/ndt/gfad009
https://doi.org/10.1093/ndt/gfad183
https://www.ncbi.nlm.nih.gov/pubmed/37632201

	Introduction 
	Angiotensin Converting Enzyme Inhibitors and Angiotensin-Receptor Blockers 
	Selection of a RAS Inhibition Agent and Dose 
	Other Considerations: When to Stop RAS Inhibition 

	Mineralocorticoid Receptor Antagonists 
	Sodium-Glucose Co-Transporter 2 Inhibitors 
	Magnitude of Effect and Patient Selection Considerations 
	Other Considerations: Safety of SGLT2i 

	Combining SGLT2 and Non-Steroidal MRAs 
	Guidelines on SGLT2 and Non-Steroidal MRAs on Hypertension Management 
	Novel Therapies 
	Conclusions 
	References

