Clinical Pharmacy Connect
ISSN: 3105-3874 y (8) SCIFINITI

2026, Article ID. 2026.0012, Cite as: https://doi.org/10.69709/CPC.2026.144454 PUBLISHING

Review Article

OPEN ACCESS

The Function of Angiotensin-Converting Enzyme
Inhibitors in Chronic Kidney Disease:
Pathophysiological Mechanisms and Implications
for Practice

Said Salim Said®>""*", Burhani Simai®™' ", Sabra Salim Rashid®>'~, Ahmad Makame Mwadini*'",

Ussi Hamza Ussi®™?2

! Zanzibar Food and Drug Agency, P.O. BOX 3595 Zanzibar, Tanzania
2 School of Health & Medical Sciences, The State University of Zanzibar, Zanzibar P.O. Box 146, Tanzania

Article History
Received: April 04, 2026 Accepted: August 30, 2026

Abstract

Chronic kidney disease characterized by progressive deterioration in kidney function, driven by multiple pathophysiological mecha-
nisms. This disease still has a considerable effect on the health care.system, particularly regarding its association with cardiovascular
disease. Progressive deterioration in kidney function is driven by complex mechanisms in the renin-angiotensin system and the in-
flammatory response, leading to permanent nephron damage. Angiotensin-converting enzyme inhibitors play an integral role in
managing chronic kidney disease. This is because, in addition to managing blood pressure, they produce renoprotective effects at
the molecular level. In addition to providing a comprehensive overview, this review includes an in-depth discussion of the mechanis-
tic basis for the therapeutic effects of ACE inhibitors, especially regarding their effects on the renin-angiotensin-aldosterone system,
reductions in intraglomerular pressure and proteinuria, and anti-inflammatory effects. The long-term effects of ACE inhibitors are
also discussed, particularly regarding theresults from clinical studies on delayed progression to end-stage renal failure, survival,
and cardiovascular complications. Emphasis is placed on the pharmacodynamic effects of therapy initiation, particularly its effect
on glomerular filtration rate. The side effect profile of the long-term use of ACE inhibitors is also discussed, particularly regarding
hyperkalemia, acute kidney injury, and bradykinin-mediated adverse effects. Other potential therapies, especially SGLT2 inhibitors,
are also discussed. This comprehensive review of the role of ACE inhibitors in the management of chronic kidney disease places
great emphasis on the need for personalized medicine.
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l. Introduction has occurred [2]. From a clinical point of view, CKD is

defined as a pathological state characterized by a persis-
Chronic Kidney Disease (CKD) has become a global  tent reduction in glomerular filtration rate to less than 60
health issue and has significantly contributed to healthbur- 1 /min/1.73 m?2 and/or abnormal kidney damage, such as
dens, especially in low- and middle-income countries [1].  abnormal levels of albumin in the urine, abnormal levels
It is also called a silent epidemic since, in the early stages  of electrolytes, and histopathological abnormalities, for a
of the disease, the patient does not display any specific  period of at least three months [3]. The progressive nature

symptoms, and the disease is likely to progress to a point  of CKD leads to end-stage renal disease, for which the pa-
where considerable and permanent damage to the kidneys
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tient may require dialysis and/or transplantation, which
is associated with considerable economic and social bur-
dens [4].

The pathophysiology of CKD is multifactorial and
complex, and it involves the intricate interaction of several
mechanisms, which are hemodynamic, metabolic, and in-
flammatory in nature [5]. Among the primary factors
that contribute to the pathophysiology of CKD, systemic
hypertension plays a critical role [6]. At the same time,
metabolic diseases like diabetes mellitus have also been
recognized to contribute significantly to the development
of CKD through the action of hyperglycemia, resulting in
the formation of advanced glycation end products, oxida-
tive stress, and mesangial cell expansion [7]. This leads
to glomerular hyperfiltration in the early stages of the
disease process, followed by nephron loss and hypertro-
phy of the remaining nephrons. As the disease process
advances, hypertrophy becomes maladaptive and acceler-
ates the progression of CKD, resulting in tubulointerstitial
fibrosis, which is the hallmark of permanent kidney dam-
age [8]. Another critical aspect of the progression of CKD
is the activation of the renin-angiotensin-aldosterone sys-
tem (RAAS), a critical endocrine system that plays a vital
role in the regulation of blood pressure, fluid and elec-
trolyte balance, and circulatory stability [9].

Figure 1 illustrates the contribution of RAAS acti-
vation to CKD progression. Increased renin release pro-
motes angiotensin II formation, which induces-efferent
arteriole constriction, glomerular hypertension, oxidative
stress, inflammation, and renal fibrosis, ultimately leading
to progressive nephron loss.

In physiological states, activation of the renin-
angiotensin-aldosterone system plays.a crucial role in reg-
ulating circulatory stability [10]. In CKD, activation of
the renin-angiotensin-aldosterone system is detrimental
to the kidneys. The activation of the renin—angiotensin—
aldosterone system begins with the release of renin from
the juxtaglomerular apparatus, which cleaves angiotensino-
gen to form angiotensin I [11]. Angiotensin I is subse-
quently converted to angiotensin II through the action of
angiotensin-converting enzyme (ACE), primarily in the
pulmonary circulation. Angiotensin II is the principal
effector peptide of the renin—angiotensin—aldosterone sys-
tem and causes vasoconstriction, particularly of the effer-
ent arteriole of the glomerulus [12].

Beyond its hemodynamic effects, angiotensin II plays
a crucial role in mediating renal damage through various
mechanisms. It promotes the synthesis of reactive oxygen
species, leading to endothelial dysfunction and oxidative
stress. In addition, angiotensin II promotes the synthesis
of pro-inflammatory cytokines and chemokines, thereby
leading to inflammation in the renal parenchyma [11]. It

also promotes the synthesis of fibrogenic factors, lead-
ing to renal fibrosis. All these mechanisms contribute
to renal damage. In this context, the role of angiotensin-
converting enzyme inhibitors in the management of chronic
kidney disease has been established. Inhibiting the ac-
tion of angiotensin II through angiotensin-converting en-
zyme inhibition effectively counters the role of the renin-
angiotensin system in the mediation of renal damage through
both hemodynamic and molecular mechanisms. Inhibi-
tion of angiotensin II dilates the efferent arteriole, thereby
reducing intraglomerular pressure. In addition, it coun-
ters angiotensin II’s role in the synthesis of various in-
flammatory cytokines and fibrogenic factors [13]. It also
counters oxidative stress and endothelial dysfunction. In
addition, ACE inhibitors have another advantage in the
management of renal damage. ACE inhibition increases
bradykinin levels, promoting the production of nitric ox-
ide and prostaglandins [12]. In recent decades, there has
been a remarkable increase in the application of these
drugs, not only for the treatment of hypertension, as orig-
inally intended, but also for the treatment of CKD as
disease-modifying agents for long-term kidney protec-
tion [ 147

The effectiveness of ACE inhibitors in treating pro-
teinuria, slowing the progression of GFR decline, and de-
laying the onset of ESRD has been proven, especially in
high-risk patients with diabetic nephropathy, hypertensive
nephrosclerosis, and chronic glomerulopathies. Over re-
cent decades, ACE inhibitors have evolved from antihy-
pertensive agents to cornerstone therapies for chronic kid-
ney disease because of their proven renoprotective and car-
diovascular benefits [15]. Clinical evidence demonstrates
that ACE inhibitors reduce proteinuria, slow the decline in
glomerular filtration rate, delay progression to end-stage
renal disease, and improve long-term renal outcomes [13].
In addition, the effectiveness of ACE inhibitors has been
demonstrated, especially in light of the high cardiovascu-
lar complication rate in CKD patients [16]. The admin-
istration of ACE inhibitors, however, necessitates care-
ful observation due to the potential for adverse effects,
particularly concerning the risk of hyperkalemia and re-
nal impairment. Consequently, the progression of chronic
kidney disease (CKD) results from a multifaceted inter-
action involving hemodynamic strain, metabolic anoma-
lies, and inflammatory/fibrotic processes, with the renin-
angiotensin-aldosterone system (RAAS) playing a crucial
role [17]. Furthermore, ACE inhibitors, through their intri-
cate mechanisms, provide a valuable means of mitigating
the progression of CKD and safeguarding renal function,
especially considering their widespread use across di-
verse patient populations [18]. This is particularly sig-
nificant given their essential function in contemporary
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nephroprotective strategies, underscoring the necessity for
continued investigation to refine their clinical applica-
tion. Moreover, the effectiveness of ACE inhibitors is
particularly relevant given the high cardiovascular com-
plication rate among CKD patients [19,20]. However,
the use of ACE inhibitors requires observation, partic-

ularly in consideration of their possible adverse effects,
such as those concerning hyperkalemia and renal impair-
ment. CKD progression results from complex interactions
among hemodynamic, metabolic, inflammatory, and fi-
brotic pathways, with RAAS activation serving as a cen-
tral pathogenic mechanism [21].
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Figure |I: Role of renin—angiotensin—aldosterone system activation in chronic kidney disease progression.

2. Methodology

This manuscript is a narrative review supported by a
structured literature search. A structured search of
PubMed, Scopus, Web of Science, and Google Scholar
was conducted to identify relevant literature on the role
of angiotensin-converting enzyme (ACE) inhibitors in
chronic kidney disease (CKD). Search terms included
“ACE inhibitors”, “chronic kidney disease”, “renal fibro-
sis”, “proteinuria”, “renin-angiotensin-aldosterone sys-
tem”, “glomerular hemodynamics”, and related key-
words. Eligible publications were screened based on
predefined inclusion and exclusion criteria, and find-
ings were synthesized narratively according to major
thematic areas. The search terms, including ACE in-
hibitors, chronic kidney disease, kidney impairment,
renin-angiotensin-aldosterone system, proteinuria, renal
fibrosis, and glomerular hemodynamics, were used alone

as well as in combination to identify relevant articles from

the existing scientific literature. In addition, the reference
lists of selected articles were also used to identify addi-
tional articles relevant to the topic. The articles selected
for the present review were based on predefined inclu-
sion and exclusion criteria. Priority was given to peer-
reviewed publications from the last twenty years, with
greater emphasis on recent high-quality studies. How-
ever, several landmark studies and internationally recog-
nized clinical guidelines published before this period were
also included because of their continued scientific rel-
evance and foundational contributions to understanding
the mechanisms and clinical application of angiotensin-
converting enzyme (ACE) inhibitors in chronic kidney dis-
ease (CKD). Only articles published in the English lan-
guage were included in this review.

The articles selected for the present review included
randomized controlled trials, systematic reviews, meta-
analyses, cohort studies, observational studies, and rel-
evant experimental studies that evaluated the role of
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angiotensin-converting enzyme (ACE) inhibitors in the
prevention and management of chronic kidney disease
(CKD). Studies focusing exclusively on acute kidney in-
jury (AKI), non-renal diseases, conference abstracts, edi-
torials, letters to the editor, and non-English publications
were excluded from the review. Data extraction was con-
ducted by reading and evaluating the selected literature.
Relevant information, such as the study design, the pa-
tients involved, the intervention, and the results, was ex-
tracted. Particular emphasis was placed on the adverse
effects and safety profile of ACE inhibitors. The quality
of the literature was evaluated to assess the reliability of
the results. The extracted data were then analyzed using a
qualitative synthesis approach. This approach enabled the
integration of results obtained from various types of liter-
ature into a coherent narrative. The results obtained were
then synthesized into various thematic areas. Particular
emphasis was placed on areas of agreement and disagree-
ment. This methodology provides a robust framework for
the evaluation of the current knowledge base of ACE in-

‘ Inhibition of ACE

1 Conversion of Angiotensin | to Angiotensin Il

| 1l Angiotensin Il levels

s

Vasodilation of

hibitors in the treatment of long-term kidney impairment.
The conclusions drawn are based on reliable scientific ev-
idence

3. Mechanistic Insights of ACE
Inhibitors in Kidney Protection

The renoprotective actions of ACE inhibitors are mediated
through an integrated combination of hemodynamic regu-
lation and direct cellular effects that together slow the pro-
gression of renal injury. At the hemodynamic level, inhi-
bition of angiotensin II production [22] leads to selective
dilation of the efferent arteriole, reducing intraglomerular
pressure and alleviating hyperfiltration-induced stress on
the glomeruli.

Figure 2 summarizes the renoprotective mecha-
nisms of ACE inhibitors, including reduced angiotensin
II formation, efferent arteriole dilation, decreased intra-
glomerular pressure, reduced proteinuria, inhibition of in-
flammatory pathways, suppression of TGF-{3-mediated fi-
brosis, and'reduced oxidative stress.
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Figure 2: Molecular and hemodynamic mechanisms of ACE inhibitors in renal protection.

This effect is particularly important in the early
stages of chronic kidney disease, where glomerular hy-
pertension acts as a major driver of progressive nephron
injury [23]. By normalizing glomerular pressure, ACE
inhibitors help maintain the structural and functional in-
tegrity of the filtration barrier, protecting nephrons from
mechanical damage [24]. Beyond hemodynamic mod-

ulation, ACE inhibitors exert significant molecular ef-
fects that contribute to kidney protection. Angiotensin II
upregulates transforming growth factor beta expression,
which promotes fibroblast activation and excessive de-
position of extracellular matrix components [25]. This
process contributes to glomerulosclerosis and tubuloint-
erstitial fibrosis, hallmarks of progressive kidney discase.
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By reducing angiotensin II levels, ACE inhibitors sup-
press TGF-beta signaling, thereby limiting fibrotic remod-
eling and preserving renal tissue architecture. In addi-
tion, ACE inhibitors inhibit nuclear factor kappa B ac-
tivity, a key transcription factor responsible for promot-
ing pro-inflammatory cytokine production [26]. This de-
creases inflammatory cell infiltration and reduces tissue
injury, further slowing disease progression. Oxidative
stress represents another critical pathway in CKD patho-
physiology. Angiotensin II stimulates reactive oxygen
species production through activation of NADPH oxidase,
contributing to endothelial dysfunction and direct cellular
injury [27]. ACE inhibition mitigates oxidative stress by
reducing ROS generation and enhancing endogenous an-
tioxidant defense mechanisms. Additionally, the increase
in bradykinin levels associated with ACE inhibition pro-
motes the release of nitric oxide and prostacyclin, which
improve endothelial function, enhance renal perfusion,
and provide anti-inflammatory benefits [28]. Together,
these hemodynamic, anti-fibrotic, anti-inflammatory, and
antioxidant effects create a multifaceted renoprotective
profile for ACE inhibitors. By targeting both vascular and
molecular pathways, ACE inhibitors effectively slow the
progression of chronic kidney disease (CKD) and preserve
renal function over time [29].

CLINICAL BENEFITS }

@ Reduces proteinuria and albuminuria
@ Slows decline in GFR

@ Delays progression to ESRD

@ Lowers blood pressure

@ Reduces cardiovascular events
(myocardial infarction, stroke, heart failure)

@ Regresses left ventricular hypertrophy
@ Improves long-term survival

@ Cost-effective and guideline-
recommended first-line therapy

_@ Key Point:

4. Clinical Implications and
Therapeutic Benefits

The clinical implications of ACE inhibitors in the manage-
ment of chronic kidney disease have been clearly defined
and supported by a substantial body of evidence regard-
ing the therapeutic benefits in the treatment of kidney dis-
eases [30]. These agents have been recommended for the
treatment of hypertension and kidney disease because they
have shown dual protective effects in the management of
kidney disease. Long-term treatment with ACE inhibitors
has shown the potential for slowing the progression of kid-
ney disease by reducing the rate of decline in glomerular
filtration rate, delaying the onset of end-stage renal dis-
ease, and reducing the need for renal replacement therapy
in the form of dialysis and kidney transplantation, thus
improving the quality of life in patients with kidney dis-
ease [31].

Figure 3 demonstrates the balance between therapeu-
tic benefits'and potential adverse effects of ACE inhibitors.
Benefits include reduced proteinuria, delayed CKD pro-
gression;-cardiovascular protection, and preserved renal
function, while key safety concerns include hyperkalemia,
acute kidney injury, cough, and angioedema.

’

POTENTIAL ADVERSE EFFECTS
— — |

Hyperkalemia

Rise in serum creatinine
(>30% from baseline)

Hypotension (especially in
volume depletion)

Dry cough (due to bradykinin)
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Acute kidney injury in bilateral
renal artery stenosis or low
renal perfusion states

B bbb b PP

Teratogenicity
(contraindicated in pregnancy)

Benefits generally outweigh risks when patients are appropriately

2 h selected and carefully monitored.

Figure 3: Clinical effects and adverse effects of ACE inhibitors.
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The therapeutic benefits of ACE inhibitors in kid-
ney disease management include cardiovascular protec-
tion, which is important because cardiovascular compli-
cations are common in patients with kidney disease [32].
This group of agents has shown potential to reduce sys-
temic blood pressure and intraglomerular pressures, atten-
uate left ventricular hypertrophy, improve arterial compli-
ance, and reduce the risk of cardiovascular complications,
including myocardial infarction and stroke [33]. In ad-
dition, ACE inhibitors have shown potential to improve
endothelial function and reduce inflammation in the car-
diovascular system, thus providing cardiovascular protec-
tion in the management of kidney disease [34]. Although
these effects are highly beneficial, starting this therapy
can cause a modest increase in serum creatinine levels.
This does not necessarily indicate nephrotoxicity; rather,
it may result from decreased intraglomerular pressure [35].
It is recommended that creatinine levels be monitored in
the early stages of ACE inhibitor treatment to achieve the
best possible therapeutic outcomes. The beneficial effects
of long-term use of these inhibitors are more significant
when therapy is initiated early in patients with protein-
uria, diabetes mellitus, or hypertension [36]. In addition,
the synergistic potential of these inhibitors in the man-
agement of CKD is evident in their use in conjunction
with other therapeutic agents such as mineralocorticoid
receptor antagonists or sodium-glucose cotransporter-2in-
hibitors [37]. This synergistic potential is furtherreflected
in the enhancement of the nephroprotective effects of the
inhibitors when combined with other agents.” These find-
ings point to the pivotal role of these inhibitors in manag-
ing chronic kidney disease [38].

5. Adverse Effects and Clinical
Limitations

Despite the renoprotective and cardioprotective effects of
ACE inhibitors, these medications have a range of ad-
verse effects that need to be monitored and managed on
an individual patient basis. One of the most important
adverse effects is hyperkalemia, which occurs because of
decreased aldosterone secretion and impaired renal excre-
tion of potassium. This is particularly dangerous in pa-
tients with severe chronic kidney disease or diabetes mel-
litus, or those on medications such as potassium-sparing
diuretics, nonsteroidal anti-inflammatory medications, or
supplements. This can sometimes require dose adjustment
or discontinuation of these medications to correct the im-
balance [39]. Acute kidney injury is another limitation
of these medications. This is particularly relevant in pa-
tients with compromised renal perfusion. These patients
may have conditions such as bilateral renal artery stenosis,

severe dehydration, congestive heart failure, or hypoten-
sion [40]. These patients are heavily dependent on an-
giotensin II-mediated efferent arteriole vasoconstriction
to maintain glomerular filtration. This can sometimes pre-
cipitate a sudden decline in glomerular filtration rate as
a result of ACE inhibition. This decline can be reversible
but may compromise renal function if not recognized [41].
Thus, these medications need to be used cautiously in
patients with compromised renal perfusion. In addition,
bradykinin, which contributes to certain adverse effects of
ACE inhibitor therapy, is also implicated in the common
side effect of persistent dry cough.

Although less common, angioedema is a life-
threatening side effect of ACE inhibitor therapy that is
also ascribed to bradykinin [42]. The side effects, which
occur as a consequence of bradykinin, often necessi-
tate the discontinuation of therapy with ACE inhibitors,
thereby requiring alternative therapy with other agents,
such as ARBs, which offer renoprotective advantages
without bradykinin-mediated side effects [43]. The other
adverse effects of ACE inhibitor therapy include hypoten-
sion, which is more common in volume-depleted patients.
In_addition, ACE inhibitor therapy is known to interact
with other drugs, which can often pose serious risks to
renal function. However, despite these disadvantages, it
is evident that the benefits of ACE inhibitor therapy out-
weigh its risks [44]. The benefits of ACE inhibitor ther-
apy can be maximized if its risks are recognized and ad-
dressed to improve patient outcomes with chronic kidney
disease [45].

6. Emerging Therapies and Future
Perspectives

The approach to the therapy of chronic kidney disease
has been constantly evolving, with new therapies being in-
troduced to further enhance the renoprotective effects of
ACE inhibitors. An important addition to current therapy
is sodium-glucose cotransporter-2 inhibitor therapy. The
new therapy has proven effective in slowing the progres-
sion of chronic kidney disease. The therapy exerts its reno-
protective effects by modulating tubuloglomerular feed-
back and intraglomerular pressure, inhibiting glomerular
hyperfiltration, and reducing inflammatory responses in
the renal parenchyma [46]. The therapy demonstrates syn-
ergistic renoprotective effects when used in combination
with ACE inhibitors in the reduction of proteinuria, the im-
provement of blood glucose levels in diabetic patients, and
the preservation of renal function [47]. Moreover, ther-
apy for chronic kidney disease has increasingly moved to-
ward precision medicine. This has been possible because
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of the discovery and application of various biomarkers in
the therapy of chronic kidney disease [48].

These biomarkers include fibrosis, inflammatory,
and oxidative stress biomarkers. The application of
biomarkers has enabled clinicians to identify patients at
high risk of rapid progression of chronic kidney dis-
ease [49]. This has also enabled the clinician to opti-
mize patients’ therapy by adjusting the dosage and type
of therapy administered. Moreover, researchers are de-
veloping new therapeutic agents that specifically target
fibrosis and inflammation. These include antifibrotic
agents, TGF-beta signaling pathway modulators, and anti-
inflammatory biologics. These agents may be used syn-
ergistically with ACE inhibitors to treat CKD by target-
ing major CKD pathophysiological mechanisms not ad-
dressed by the RAAS. These agents have shown promis-
ing results in preclinical and clinical studies by enhanc-
ing renal protection, reducing kidney damage, and provid-
ing long-term benefits to CKD patients through synergy
with existing treatments [50]. Emerging trends in the treat-
ment of CKD include lifestyle and dietary changes that

o4

ACE INHIBITORS

* | Angiotensin Il

¢ | Intraglomerular pressure
* | Proteinuria

¢ Anti-fibrotic

¢ Anti-inflammatory

¢ Cardiovascular protection

+
¥

complement existing treatments. These include sodium
restriction, protein restriction, and weight loss [51]. These
have been shown to enhance the effectiveness of ACE in-
hibitors in treating CKD and minimizing the severity of
CKD-related complications. These new trends in CKD
treatment emphasize the importance of a holistic approach
to managing CKD [52]. These emerging approaches also
underscore the continued importance of ACE inhibitors in
CKD treatment.

Figure 4 illustrates the complementary mechanisms
of ACE inhibitors and sodium—glucose cotransporter-2
(SGLT2) inhibitors in chronic kidney disease. @ACE
inhibitors reduce angiotensin II formation, lower intra-
glomerular pressure, decrease proteinuria, and suppress
inflammation and fibrosis. ~SGLT2 inhibitors reduce
glomerular hyperfiltration, improve metabolic control,
promote natriuresis; and provide additional renal and car-
diovascular protection:” Together, these therapies slow
CKD progression;. preserve kidney function, and reduce
the risk of cardiovascular events.

SGLT2 INHIBITORS =

* | Glucose reabsorption in proximal tubule '
« 1 Natriuresis and osmotic diuresis
« | Intraglomerular pressure
(via afferent arteriole vasoconstriction)
* | Albuminuria
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ADDITIVE / SYNERGISTIC BENEFITS
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v’ Reduced cardiovascular events
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IMPORTANT CONSIDERATIONS
» Start low and titrate

* Monitor eGFR, potassium
and blood pressure

* Assess volume status

¢ Individualize therapy

Dual therapy targets complementary pathways to provide superior renoprotection

and cardioprotection in chronic kidney disease.

Figure 4: Complementary therapeutic approach of ACE inhibitors and SGLT2 inhibitors in the management of chronic kidney disease.
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7. Conclusions

Angiotensin-converting enzyme inhibitors remain central
to managing chronic kidney disease because their mul-
tiple mechanisms of action address the hemodynamic
and molecular mechanisms of the disease. Reducing
intraglomerular pressure, preserving the integrity of the
glomerular filtration apparatus, and reducing proteinuria
preserve nephron function, helping prevent progression
from chronic kidney disease to end-stage renal disease. At
the molecular level, the inhibitors attenuate key proinflam-
matory and profibrotic pathways involving TGF-{3 and
oxidative stress, thus preventing renal fibrosis. These ef-
fects not only preserve kidney structure and function but
also offer significant cardiovascular benefits by prevent-
ing left ventricular hypertrophy, myocardial infarction,
and stroke, which are commonly associated with chronic
kidney disease. Although these inhibitors are highly ef-
fective in managing chronic kidney impairment, they can
cause adverse effects such as hyperkalemia, acute kidney
injury in patients with compromised renal perfusion, per-
sistent cough, and, rarely, angioedema. Integrating these
agents with newer therapies such as SGLT2 inhibitors,
along with precision medicine approaches based on indi-
vidual patient characteristics, offers great promise in man-
aging chronic kidney disease.

In conclusion, the role of these inhibitors in man-
aging chronic kidney disease cannot be overstated. ‘The
inhibitors remain central to managing chronic kidney im-
pairment because their multiple mechanisms of action ad-
dress both the hemodynamic and molecular pathways of
chronic kidney disease. These inhibitors not only preserve
kidney structure and function but also-offer significant car-
diovascular benefits by reducing the risk of left ventricular
hypertrophy, myocardial infarction, and stroke. ACE in-
hibitors remain the cornerstone of CKD management be-
cause they reduce intraglomerular pressure, limit protein-
uria, suppress renal fibrosis, and provide significant car-
diovascular protection. Beyond preserving renal structure
and function, ACE inhibitors reduce cardiovascular mor-
bidity and mortality, making them essential in the compre-
hensive management of patients with CKD.
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