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Abstract: Chronic kidney disease (CKD) is a condition characterized by the gradual loss of kidney
function over time and it is a worldwide health issue. The estimated frequency of CKD is 10% of
the world’s population, but it varies greatly on a global scale. In absolute terms, the staggering
number of subjects affected by various degrees of CKD is 850,000,000, and 85% of them are in low- to
middle-income countries. The most important risk factors for chronic kidney disease are age, arterial
hypertension, diabetes, obesity, proteinuria, dyslipidemia, and environmental risk factors such as
dietary salt intake and a more recently investigated agent: pollution. In this narrative review, we will
focus by choice just on some risk factors such as age, which is the most important non-modifiable
risk factor, and among modifiable risk factors, we will focus on hypertension, salt intake, obesity, and
sympathetic overactivity.
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1. Introduction

Chronic kidney disease (CKD) is a progressively degenerative condition characterized
by the gradual deterioration of renal function, representing a significant and pressing
global health issue. CKD affects about 10% of the general population worldwide [1].
Yet, when interpreted in absolute figures, the profound scale of individuals affected by
various stages of CKD amounts to 850 million [1], with a substantial 85% concentrated
in low- to middle-income countries. Almost innumerable determinants contribute to the
development and progression of chronic kidney disease, including age, hypertension,
genetic factors, diabetes, obesity, proteinuria, dyslipidemia, and environmental factors
such as dietary salt intake [2–4]. Notably, recent research has identified pollution as an
additional risk factor [5]. More recently, an escalating body of evidence underscores the
implications of climate change and pollution as emergent detrimental factors to overall
public health, particularly concerning kidney diseases [5]. The list of risk factors for the
progression is even more complex, and many of them are intimately interrelated. To start
with ascertaining the causes of the CKD epidemics, a deep analysis of the population’s
composition is imperative, mainly with stratification by age. The demography is visually
delineated with an age-specific “age pyramid.” The Italian population was recorded at
59 million in 2012, which is expected to exceed 61 million in 2056. In 2012, the proportions
of individuals in Italy aged above 65 (classified as young elderly) and over 80 years were
22% and 7%, respectively. Projections for 2056 estimate these figures to rise to 34% and 10%.
According to the Chares study [6], the prevalence of kidney disease within the demographic
cohort aged 60 years and older is around 26%. Noteworthy is the fact that the risk for
end-stage kidney disease (ESKD) is relatively low within the pediatric age group and
remains low until age 40. Subsequently, a marked exponential escalation in risk ensues.
Upon reaching 65, the probability of dialysis therapy reaches 3%, implying that 1 out of
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every 33 individuals within this age cohort is undergoing dialysis treatment. As individuals
advance to 80 years of age, this risk elevates to 5%, denoting that 1 in 20 subjects in this
age group will require dialysis care. All these considerations unequivocally indicate that
CKD is not a condition confined to a specific niche; rather, its prevalence surpasses that of
diabetes. Apart from age, the above-mentioned risk factors are modifiable, and focusing on
modifiable risk factors for the progression of CKD is crucial for improving patient outcomes,
optimizing resource allocation, developing preventive measures, enhancing cost-efficiency,
making a public health impact, and driving research and innovation in kidney disease
management. Last but not least, it is of paramount importance to point out that CKD is
the fastest-growing chronic disease and is one of the most important causes of mortality.
In fact, in the early nineties of the past century, CKD was the 36th cause of death among
chronic diseases, and after 20 years, it is in 19th place in this macabre ranking, and forecasts
for the coming decades are even worse. Indeed, the progression of CKD involves several
interconnected mechanisms. We will now begin to focus on some of them, starting with the
most prominent and non-modifiable, such as age. This narrative review will focus on some
specific risk factors for the progression of CKD, such as age, hypertension and salt intake,
obesity, and sympathetic hyperactivity. By managing these risk factors, healthcare providers
can potentially slow the disease’s advancement and mitigate complications, ultimately
improving patients’ quality of life. Indeed, understanding the risk factors mentioned above
for CKD progression would enable the development of preventive strategies, lifestyle
modifications, medications, or other interventions that aim to mitigate or eliminate the risk
factors, potentially preventing the onset or progression of CKD.

2. Aging and CKD

As the global population ages, the prevalence of CKD continues to rise [5–7], prompt-
ing a critical examination of the intricate relationship between aging and renal health. The
age-dependent increase in CKD can be primarily attributed to the escalating prevalence of
risk factors for CKD, including diabetes, hypertension, obesity, and cardiovascular disease
as well as the action of some effect modifiers such as smoking [8]. Additionally, the expan-
sion of the range of GFR to define CKD substantially contributes to this trend [9]. Aging
is accompanied by a myriad of physiological and pathophysiological changes, including
alterations in renal structure and function. A decline in renal mass, a reduced number
of nephrons, and impaired renal blood flow are common age-related changes that can
contribute to the development and progression of CKD. Additionally, aging is associated
with increased susceptibility to oxidative stress, inflammation, and fibrosis, all of which
are implicated in the pathogenesis of CKD [10]. The aging process exerts a profound
impact on renal hemodynamics, with alterations in blood pressure regulation and renal
autoregulation [11]. These changes can lead to increased glomerular pressure, proteinuria,
and a heightened risk of kidney injury. Understanding the hemodynamic consequences
of aging is crucial for comprehending the accelerated progression of CKD observed in
elderly individuals. Cellular senescence, a hallmark of aging, has been implicated in the
progression of CKD [12]. Senescent cells accumulate in the kidneys over time, releasing
pro-inflammatory cytokines and contributing to tissue fibrosis. This senescence-associated
secretory phenotype may exacerbate inflammation and promote the transformation of
healthy renal tissue into a pro-fibrotic environment. Aging is often accompanied by alter-
ations in metabolic pathways, including insulin resistance and dyslipidemia, which can
further contribute to the progression of CKD [13–17]. Metabolic derangements may impair
renal function through mechanisms such as glomerular hyperfiltration and increased oxida-
tive stress. Understanding the impact of aging on CKD progression has important clinical
implications. Elderly individuals with CKD often face unique challenges, including the
management of comorbidities and potential drug interactions [18,19]. Tailored therapeutic
approaches that account for both age-related changes and CKD-specific factors are essential
to optimize patient outcomes.
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There is a scarcity of evidence-based guidelines and recommendations for effectively
treating CKD in the elderly population. Addressing geriatric considerations such as
frailty, quality of life, life expectancy, pharmacokinetics, pharmacodynamics of drugs,
and treatment complications is crucial in formulating a comprehensive approach to CKD
management in older individuals. Factors leading to acute kidney injuries, such as nephro-
toxic antibiotics, radio-contrast exposure, and certain medication combinations, includ-
ing angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin receptor blockers
(ARBs), as well as nonsteroidal anti-inflammatory drugs (NSAIDs) and diuretics, must
be avoided [20,21]. Adopting a general strategy for CKD management, the distinctive
challenges of managing CKD in the elderly are underscored. The overarching objective of
CKD management is to slow down disease progression. In the initial stages (1 and 2), strict
control of comorbidities, including cardiovascular disease (CVD), is pivotal. In stages 3–5 of
CKD, as complications arise, they must be systematically addressed [9]. The relationship be-
tween aging and the progression of CKD is complex and multifaceted, involving structural,
hemodynamic, cellular, and metabolic changes. As the aging population continues to grow,
a deeper understanding of these processes is crucial for developing targeted interventions
and personalized treatment strategies to mitigate the impact of aging on CKD progression.
Advances in this field hold the potential to enhance the quality of life for elderly individuals
affected by this challenging and prevalent medical condition.

3. Hypertension in CKD and Dietary Salt Intake

High blood pressure that is not controlled can significantly increase the risk of CKD
progressing to end-stage renal disease, cardiovascular disease (CVD), and mortality [22] and
could represent a risk factor also for renal surgery functional outcomes [23]. Salt-sensitive
hypertension is the hallmark of hypertension in CKD patients, where sodium reabsorption
and volume excess are the fundamental mechanisms underlying it. CKD can be worsened
by high salt intake [24–26]. This is because it causes volume expansion and glomerular
hyperfiltration, leading to glomerular hypertension and ultimately focal glomerulosclerosis.
As a result, patients lose nephrons at an accelerated rate. Additionally, salt affects the pro-
duction of TGF beta, an inflammatory cytokine that promotes renal and myocardial fibrosis.
In patients with CKD, the extracellular volume increases as the GFR decreases. In other
words, there is an inverse relationship between extracellular volume and GFR. A post hoc
analysis of the REIN 1 and 2 trials [27] studied the effect of salt on proteinuric CKD patients
using different salt dosages: low salt (<125 mMol/day), medium salt (125–250 mMol/day),
and high salt (>250 mMol/day). The study found that salt intake significantly impacted
an important outcome, that is, the progression of nephropathy, which is a crucial outcome.
Dietary salt intake can contribute to the progression of nephropathy, but it is a modifiable
risk factor. This notion was based on a double-blind, placebo-controlled, randomized
cross-over trial [28]. McMahon EJ et al. investigated the effects of dietary sodium intake on
blood pressure, proteinuria, arterial rigidity, and extracellular volume in stages 3–4 CKD
patients [28]. Their study found that reducing salt intake significantly reduced 24-hour
ambulatory blood pressure, extracellular volume, albuminuria, and proteinuria [28]. These
effects were even more pronounced than those observed in patients without CKD. These
results emphasize the potential benefits of non-pharmacological interventions, such as
sodium restriction, on reliable markers of kidney disease, such as proteinuria. Vogt et al.
also reported similar observations in proteinuric patients without diabetes [29], where
the effect of sodium restriction (<90 mMol/day) on proteinuria was comparable to that of
Losartan 100 mg in the same patients.

The harmful effect of high salt intake on the kidney can be explained by various
mechanisms. High salt intake increases arterial pressure and proteinuria by activating the
RAAS, a mechanism that attenuates the proteinuria-lowering effects of RAAS blockers.
Moreover, high salt intake increases glomerular capillary pressure and reactive oxygen
species and promotes the inflammation of local tissues and endothelial dysfunction. All
these mechanisms increase proteinuria and deteriorate kidney function. In this perspec-
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tive, and considering that microalbuminuria is an early biomarker of renal damage, it is
important to note that the use of drugs active on the RAS system is appropriate in the
microalbuminuria phase in normotensive diabetic patients [30] to prevent further clinical
sequelae leading to CKD.

It is also noteworthy to speculate that, although there are no specifically designed
studies focused on this special topic, the Mediterranean diet has beneficial effects on
blood pressure as well as on diabetes, obesity, and cardiovascular disease, thus potentially
yielding positive effects on CKD progression [31]. The Mediterranean diet also exhibits
advantages specific to CKD, including a decrease in dietary acid load, enhanced microbiota,
and diminished inflammation. Opting for a higher intake of vegetables, fruits, and whole
grains, coupled with a moderate intake of animal products, aids in lowering blood levels of
phosphorus and potassium. Restricting the intake of ultra-processed products correlates
with decreased levels of sodium, potassium, and phosphorus. The Mediterranean diet
pattern is recommended for CKD patients, with adaptations tailored to the specific stage of
the patients concerned [32].

The exact mechanisms by which hypertension enhances the progression of chronic
kidney disease (CKD) are not yet fully understood. However, it is widely accepted that
managing hypertension is crucial to prevent or slow down the progression of CKD. Apart
from limiting salt intake and following a balanced Mediterranean diet, hypertension
can be treated with drugs, such as angiotensin-converting enzyme (ACE) inhibitors and
angiotensin receptor blockers (ARBs) [33]. These agents are well-known for effectively
lowering blood pressure and reducing proteinuria.

There is scanty evidence that the use of RAS inhibitors benefits patients with advanced
CKD, and current guidelines do not provide specific advice on whether to continue or stop
ACE inhibitors or angiotensin-receptor blockers for advanced CKD. In a multicenter trial
in which patients with advanced and progressive CKD were randomly assigned either
to discontinue or to continue therapy with RAS inhibitors, the discontinuation of RAS
inhibitors was not associated with a significant between-group difference in the long-term
rate of eGFR decrease [34]. Thus, although the use of RAS inhibitors has been found to
slow the decline in eGFR in patients with mild or moderate CKD, the findings of this trial
are consistent with the hypothesis that these drugs may not be as helpful in patients with
advanced and progressive CKD. SGLT2 inhibitors are a class of drugs that lower blood
sugar levels by preventing the kidneys from reabsorbing glucose. SGLT2 inhibitors reduce
the progression of CKD and diminish the probability of heart failure and mortality in
patients with both CKD and type 2 diabetes. Additionally, these inhibitors also exhibit
protective properties in non-diabetic CKD patients [35].

Therefore, since salt intake is a strong and independent predictor of cardiovascular
and renal events in CKD patients, reducing and maintaining a low salt intake is essential to
maximize the beneficial effect of ACE inhibition on CKD progression. While further studies
with longer intervention times and larger sample sizes are needed to confirm these benefits,
sodium restriction should be emphasized in managing patients with CKD to reduce the
risk of progression. An approach for the self-management of salt intake could theoretically
help in improving hypertension control, clinical outcomes, and autonomy in CKD patients.
Indeed, the magnitude of the issue of high salt intake in CKD patients is similar to that of
blood glucose control in diabetics. To this aim, a multicenter trial where hypertensive CKD
patients self-monitored their salt intake was performed but with somewhat inconclusive
results [36]. In addition to the mechanisms involved, from a clinical perspective, the
main problem with hypertension in CKD is that it is often difficult to treat. Despite
receiving treatment with three different anti-hypertensive drugs, including a diuretic, about
one-fourth of CKD patients still have uncontrolled hypertension. It is important to note
that this group of patients with CKD and resistant hypertension is characterized by a
higher expansion of extracellular volume and a higher risk of cardiovascular and renal
events [37]. Nocturnal hypertension is the most significant component of hypertension in
CKD. It is defined as night-time blood pressure (BP) above the goal of 120/70 mmHg or
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as non-dipping status. These fundamental alterations in the circadian BP profile have a
combined prevalence of up to 60% and represent a stronger predictor of poor cardiorenal
outcomes [38,39]. Patients with resistant hypertension have 9% higher night-time BP levels
compared with patients with other hypertension categories, while daytime BP differs by
only 4% [40]. Recent analyses revealed a correlation between 24-hour urinary sodium
excretion and night-time BP in patients with CKD [41]. One of the main risk factors for
nocturnal hypertension in CKD patients is sleep apnea, which is mainly caused by volume
overload [42,43]. However, this critical and often overlooked risk factor is not within the
scope of the present review.

4. Obesity and CKD

Obesity is a worldwide epidemic, although the prevalence of overweight and obese
people is geographically very different among countries and continents [44]. In fact, while
in the USA, it is close to 70%, in the European community, the figures are somehow lower
than in the American continent [45], but they are still a matter of great concern for the health
organizations in European countries. The prevalence of severe obesity in Europe ranges
from about 7% in France and Italy to 12% in Central Europe, and it climbs up to 20% in
Eastern Europe and Russia [46]. The main concern about this epidemic is that several
epidemiologic studies documented that obesity is associated with CKD and end-stage
kidney disease. In other words, it is a risk factor for the onset and progression of CKD [47].
Moreover, to reinforce the opinion about the link between CKD and obesity, obesity and
CKD go along in a strong parallelism, at least in the Western world. Considering the
vast magnitude of the problem at hand, investigating the correlation between obesity
and the CKD epidemic is an issue of paramount significance. Numerous epidemiological
studies, including surveys and cohort studies, have provided evidence of a significant
correlation between obesity and risk for CKD. Among these studies, the comprehensive
investigation conducted by Hsu and colleagues on a large and diverse population in the
United States was the largest to date [48]. Their study showed a clear and notable trend,
indicating that the risk of CKD was directly proportional to the body mass index (BMI)
of the participants. Specifically, the group with the highest BMI, classified as having very
severe obesity, was found to have a seven times higher risk of CKD than the reference group
with a normal BMI [48]. The relationship between obesity and CKD is intricate. While
obesity is a recognized risk factor for CKD, the etiological pathway is not straightforward.
Hypertension and diabetes, both common comorbidities of obesity, are established risk
factors for CKD and are important contributors to the development of renal disease in obese
individuals. However, the underlying mechanisms of this relationship are multifactorial
and require further investigation. The Framingham Heart Study revealed that the waist-
to-hip ratio (WHR), as a measure of abdominal obesity, is a more reliable predictor of
CKD development than BMI [49]. Interestingly, the risk of CKD rises linearly across
a range of WHR values between 0.7 and 1.2, independently of the Framingham risk
factors, such as diabetes, hypertension, and other risk factors [49]. This independent
effect brings into question the role of other risk factors in CKD development. Moreover,
hemodynamic changes in the kidney occur before individuals develop frank obesity. Within
a range of values below frank obesity, a significant decline in renal plasma flow can be
observed with increasing body mass. However, this decrease is not accompanied by a
simultaneous reduction in glomerular filtration rate (GFR), resulting in an increase in
filtration fraction (the ratio of these two measurements) with higher BMI values [49].
Insulin resistance is a crucial factor in the hemodynamic adaptations of our body and a
significant inverse correlation between the filtration fraction, an indicator of glomerular
hyperfiltration/hypertension, and the glucose disposal rate, a measure of insulin sensitivity
was clearly documented [50]. These results provide robust evidence that, at least in
acute situations, insulin resistance can have detrimental hemodynamic effects on the
glomeruli. Insulin resistance and hyperinsulinemia are well-known stimuli for sympathetic
activity, which is associated with an increased risk of renal disease. Sympathetic activation
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can lead to renal disease through two mechanisms: mediated by systemic hypertension
and direct. The increase in blood pressure caused by high sympathetic activity leads
to nephroangiosclerosis, characterized by the simultaneous presence of ischemic and
hyperperfused glomeruli. Additionally, sympathetic activity stimulates the synthesis of
Angiotensin 2 and Aldosterone, resulting in volume expansion. This expansion further
aggravates hyperfiltration in hyperperfused nephrons, particularly when salt intake is
high, which is often the case in obese individuals. Ultimately, all these alterations lead to
nephron obsolescence. The waist-to-hip ratio, a surrogate marker of visceral obesity, has
been shown to independently predict the development of CKD [51]. This finding suggests
that visceral fat may play a pivotal role in the pathogenesis of CKD. Visceral adipose tissue
is known to secrete several biologically active substances, such as plasminogen activator
inhibitor 1, leptin, adiponectin, angiotensinogen, and classical cytokines, that have the
potential to cause renal damage [52]. Further investigations are warranted to evaluate
the role of these and other risk factors in mediating the association between visceral
obesity and renal damage in individuals with obesity. In the context of cardiovascular
and renal damage, there is a range of mechanisms that can act either independently or
via a common pathogenetic pathway such as endothelial dysfunction. Specifically, factors
like insulin resistance, high sympathetic activity, and inflammation can have a deleterious
impact on endothelial vasodilation, causing the synthesis of adhesion molecules that
initiate the pro-atherogenic process. Obese individuals tend to have a reduced response
to acetylcholine [53], but this response can be restored to normal levels with weight loss.
One of the key indicators of obesity is endothelial dysfunction. Insulin resistance is the
primary factor contributing to endothelial dysfunction [54]. Asymmetric dimethylarginine
(ADMA), the most potent endogenous inhibitor of nitric oxide, is closely linked to both
endothelial dysfunction and insulin resistance. Moreover, ADMA has been found to be
involved in the progression to ESKD [55]. There is a growing body of evidence suggesting
that weight loss can have a positive impact on kidney function. For instance, the Prevend
study, which was a population-based study, found that a weight loss of 10 kg resulted in a
decrease of 6 mg/24 h of microalbuminuria, which was independent of other factors [56].
It is worth noting, however, that this study was observational in nature and thus does
not provide conclusive evidence about the efficacy of medical treatment policies. Despite
the potential benefits of weight loss, the optimal strategy for preventing or halting the
progression of renal disease in obese patients remains an open question. To date, there has
been no controlled trial testing the effect of weight loss on renal disease progression, nor has
there been any tested public health policy aimed at preventing CKD by controlling obesity.
One potential approach to counteracting the renal hemodynamic dysfunction of obesity is
the use of ACE inhibitors. However, to date, there has been no specific trial testing the effect
of these drugs on renal disease progression in obese patients. To shed light on this issue, a
secondary analysis of the REIN database within the framework of GISEN (Gruppo Italiano
di Studi Epidemiologici in Nefrologia) was performed [57]. This analysis evaluated the
efficacy of ramipril in patients based on BMI categories, with patients with less than 25 BMI
being lean, those between 25 and 30 being overweight, and those with more than 30 being
obese. The unexpected results were that ramipril had a beneficial effect in all BMI categories,
particularly so in overweight and obese patients [57]. Furthermore, this effect was more
pronounced after data adjustments for age and other risk factors. Overall, this secondary
analysis supports the hypothesis that glomerular hypertension is implicated in the high
risk of CKD in obese patients. Moreover, weight loss can also improve kidney function
in people with CKD. A systematic review and meta-analysis of 13 randomized controlled
trials found that weight loss interventions, including dietary modification, physical activity,
and bariatric surgery, were associated with significant improvements in the estimated
glomerular filtration rate (eGFR) and proteinuria in individuals with CKD [58]. However,
it is important to note that weight loss should be gradual and sustainable, as rapid weight
loss can potentially harm the kidneys.
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5. Sympathetic Overactivity and CKD

Over the past decades, various papers have shed light on the close interplay between
the sympathetic nervous system and CKD progression. Sympathetic overactivity is charac-
terized by increased levels of norepinephrine and adrenergic receptor activation, which
in turn act as triggers to exacerbate CKD. Furthermore, mounting evidence suggests that
sympathetic overactivity is not limited to hemodynamic changes but also involves intri-
cate inflammatory and fibrotic pathways [59]. The release of pro-inflammatory cytokines
and the activation of fibroblasts contribute to the development and progression of renal
fibrosis, a hallmark of CKD [60]. Sympathetic overactivity may act as a catalyst in these
processes, exacerbating renal structural damage [61]. Understanding the impact of sympa-
thetic overactivity on CKD progression has important clinical implications. Therapeutic
interventions targeting sympathetic overactivity, such as beta-blockers and renal denerva-
tion, have shown promising results in clinical studies. These interventions aim to minimize
the deleterious effects of sympathetic activation on renal hemodynamics and translate into
benefits in terms of slowing the progression of CKD. The sympathetic nervous system
plays a crucial role in modulating arterial pressure [61], renal blood flow, and sodium
balance [62]. Elevated sympathetic activity contributes to =vasoconstriction of renal blood
vessels, reduced renal blood flow, and activation of the renin–angiotensin–aldosterone
system, which are all factors contributing to the deterioration of renal function over time.
Vasoconstriction due to sympathetic overactivity increases glomerular pressure and acts as a
pro-oxidative and pro-inflammatory factor [63]. In patients with renal disease, sympathetic
overactivity increases cardiovascular risk and plays a primary role in the pathogenesis
of hypertension [42,64–67]. Various papers show that hypertensive patients with mild
renal impairment display a higher sympathetic activity as compared with hypertensive
patients with normal renal function [68], and longitudinal studies reveal a close relation-
ship between sympathetic overactivity and renal function deterioration over time [69,70].
Furthermore, accumulating evidence suggests that renal sympathetic nerves should be
considered as a therapeutic target to reduce blood pressure and prevent the progression rate
of renal impairment in CKD patients. Given the primary role of sympathetic overactivity
in patients with hypertension and those with CKD, and the close association between
sympathetic overactivity and adverse cardiovascular outcomes, therapeutic targeting of the
sympathetic nervous system is expected to produce benefits in terms of clinical outcomes.
The main therapeutic approaches include the blockade of peripheral β-receptors and the
direct interference with renal afferent and efferent nerves via renal denervation [67]. The
use of beta-blockers reduces the risk of cardiovascular events in patients with CKD and
heart failure, but it is still uncertain whether such a beneficial effect is primarily due to the
vasodilatory or antiarrhythmic properties of this drug class. On the other hand, recent stud-
ies on beta-blocker use in CKD patients show that about 25% of CKD patients are prescribed
beta-blockers [71,72], and this limited use is in part due to the tolerability of these agents. In
fact, it is well-known that beta-blockers may reduce cardiac output and the pressure of renal
perfusion, thus worsening renal impairment [73]. The K/DOQI clinical practice guidelines
suggest utilizing beta-blockers as the third-line antihypertensive option in patients with
proteinuria [74]. Controversial findings regarding the renal-protective effects of atenolol in
comparison to other antihypertensive agents have been reported in hypertensive patients
with CKD [75,76]. In AASK Trials, no significant differences in a composite endpoint of
renal outcomes and/or death were observed between patients treated with metoprolol
and those treated with amlodipine [77]. Additionally, two studies highlighted the renal
protective effects of carvedilol, a vasodilatory beta-blocker [78,79]. Thus, the notion that
beta-blockers, in particular vasodilatory beta-blockers, should be considered as a third-line
antihypertensive treatment for hypertension in CKD patients remains inconclusive. Finally,
the HEMO study indicates a tendency toward the advantageous effects of beta-blockers
for reducing sudden cardiac death in CKD with coronary heart disease but not in those
without coronary heart disease [80]. Renal denervation directly interferes with efferent
and afferent nerves linking the kidneys to the central structures in the brain. The resulting
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effect is the suppression of sympathetic outflow and eliciting protective effects in hyperten-
sion and heart failure. In patients with resistant hypertension, renal denervation reduces
blood pressure as well as the activity of sympathetic nerve fibers [81]. Renal denervation
has been consistently shown to be safe in various studies, and it holds the potential for
particular advantages in patients with hypertension and CKD [81,82]. The benefits of renal
denervation go beyond its effects on blood pressure. In a study including patients with
resistant hypertension who underwent cardiac magnetic resonance before and after renal
denervation, investigators not only observed a marked BP decrease but also a reduction in
left ventricular mass and an increase in left ventricular systolic function [83]. Furthermore,
although renal denervation has been used mainly to treat resistant hypertension, it is
likely to also be beneficial in CKD. Indeed, renal denervation has been demonstrated to be
associated with GFR improvement [84] and a reduction in albuminuria [85] in studies with
a short follow-up period. Unfortunately, whether renal denervation has a potential effect
on prognosis in CKD still remains to be formally investigated.

6. Conclusions

The interrelationship between CKD and aging, obesity, hypertension, salt intake, and
sympathetic overactivity is complex and multifaceted. Addressing modifiable risk factors,
such as maintaining a healthy weight, controlling blood pressure, reducing salt intake,
and promoting a healthy lifestyle [86], can play a crucial role in preventing or slowing
the progression of CKD. Thus, a comprehensive approach to managing these risk factors
is essential in preventing and mitigating the impact of CKD on renal function. Regular
monitoring, lifestyle modifications, and early intervention are key components of effective
management strategies. Finally, given the fact that CKD progression is accompanied by
increased cardiovascular risk, an approach contemplating multifactorial treatment aimed
at reaching specific targets plays a primary role in reducing mortality and cardiovascular
morbidity in the CKD population [87,88].
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2. Kazancioğlu, R. Risk factors for chronic kidney disease: An update. Kidney Int. 2013, 3 (Suppl. S2011), 368–371. [CrossRef]

[PubMed]
3. Nerbass, F.B.; Pecoits-Filho, R.; McIntyre, N.J.; McIntyre, C.W.; Taal, M.W. High sodium intake is associated with important risk

factors in a large cohort of chronic kidney disease patients. Eur. J. Clin. Nutr. 2015, 69, 786–790. [CrossRef]
4. Verma, A.; Popa, C. The Interplay Between Dietary Sodium Intake and Proteinuria in CKD. Kidney Int. Rep. 2023, 29, 1133–1136.

[CrossRef] [PubMed]
5. Tsai, H.J.; Wu, P.Y.; Huang, J.C.; Chen, S.C. Environmental Pollution and Chronic Kidney Disease. Int. J. Med. Sci. 2021,

18, 1121–1129. [CrossRef] [PubMed]
6. De Nicola, L.; Donfrancesco, C.; Minutolo, R.; Lo Noce, C.; De Curtis, A.; Palmieri, L.; Iacoviello, L.; Conte, G.; Chiodini, P.;

Sorrentino, F.; et al. Epidemiologia Della Malattia Renale Cronica in Italia: Stato Dell’arte e Contributo dello Studio Carhes. G.
Ital. Nefrol. 2015, 28, 401–407.

7. Coresh, J.; Astor, B.C.; Greene, T.; Eknoyan, G.; Levey, A.S. Prevalence of chronic kidney disease and decreased kidney function in
the adult US population: Third National Health and Nutrition Examination Survey. Am. J. Kidney Dis. 2003, 41, 1–12. [CrossRef]

8. Provenzano, M.; Serra, R.; Michael, A.; Bolignano, D.; Coppolino, G.; Ielapi, N.; Serraino, G.F.; Mastroroberto, P.; Locatelli, F.;
De Nicola, L.; et al. Smoking habit as a risk amplifier in chronic kidney disease patients. Sci. Rep. 2021, 20, 14778. [CrossRef]

9. Mallappallil, M.; Friedman, E.A.; Delano, B.G.; McFarlane, S.I.; Salifu, M.O. Chronic kidney disease in the elderly: Evaluation and
management. Clin. Pract. 2014, 11, 525–535. [CrossRef]

10. Leyane, T.S.; Jere, S.W.; Houreld, N.N. Oxidative Stress in Ageing and Chronic Degenerative Pathologies: Molecular Mechanisms
Involved in Counteracting Oxidative Stress and Chronic Inflammation. Int. J. Mol. Sci. 2022, 23, 7273. [CrossRef]

https://doi.org/10.1016/j.kisu.2021.11.003
https://www.ncbi.nlm.nih.gov/pubmed/35529086
https://doi.org/10.1038/kisup.2013.79
https://www.ncbi.nlm.nih.gov/pubmed/25019021
https://doi.org/10.1038/ejcn.2014.215
https://doi.org/10.1016/j.ekir.2023.04.030
https://www.ncbi.nlm.nih.gov/pubmed/37284680
https://doi.org/10.7150/ijms.51594
https://www.ncbi.nlm.nih.gov/pubmed/33526971
https://doi.org/10.1053/ajkd.2003.50007
https://doi.org/10.1038/s41598-021-94270-w
https://doi.org/10.2217/cpr.14.46
https://doi.org/10.3390/ijms23137273


J. Clin. Med. 2024, 13, 678 9 of 12

11. Jaques, D.A.; Vollenweider, P.; Bochud, M.; Ponte, B. Aging and hypertension in kidney function decline: A 10 year population-
based study. Front. Cardiovasc. Med. 2022, 9, 1035313. [CrossRef] [PubMed]

12. Zhao, J.L.; Qiao, X.H.; Mao, J.H.; Liu, F.; Fu, H.D. The interaction between cellular senescence and chronic kidney disease as a
therapeutic opportunity. Front. Pharmacol. 2022, 13, 974361. [CrossRef] [PubMed]

13. Spoto, B.; Pisano, A.; Zoccali, C. Insulin resistance in chronic kidney disease: A systematic review. Am. J. Physiol. Renal Physiol.
2016, 311, F1087–F1108. [CrossRef] [PubMed]

14. Xu, H.; Carrero, J.J. Insulin resistance in chronic kidney disease. Nephrology 2017, 22 (Suppl. 4), 31–34. [CrossRef] [PubMed]
15. Parmar, J.A.; Joshi, A.G.; Chakrabarti, M. Dyslipidemia and chronic kidney disease. Int. J. Sci. Res. 2014, 3, 396–397. [CrossRef]
16. Balode, A.A.; Khan, Z.H. Serum lipid profile in chronic kidney disease patients on haemodialysis. Int. J. Adv. Res. 2013, 3, 20–22.

[CrossRef]
17. Chen, S.C.; Hung, C.C.; Kuo, M.C.; Lee, J.J.; Chiu, Y.W.; Chang, J.M.; Hwang, S.J.; Chen, H.C. Association of dyslipidemia with

renal outcomes in chronic kidney disease. PLoS ONE 2013, 8, e55643. [CrossRef]
18. Gallieni, M.; Cancarini, G. Drugs in the elderly with chronic kidney disease: Beware of potentially inappropriate medications.

Nephrol. Dial. Transplant. 2015, 30, 342–344. [CrossRef]
19. Sommer, J.; Seeling, A.; Rupprecht, H. Adverse Drug Events in Patients with Chronic Kidney Disease Associated with Multiple

Drug Interactions and Polypharmacy. Drugs Aging 2020, 37, 359–372. [CrossRef]
20. Lapi, F.; Azoulay, L.; Yin, H.; Nessim, S.J.; Suissa, S. Concurrent use of diuretics, angiotensin converting enzyme inhibitors, and

angiotensin receptor blockers with non-steroidal anti-inflammatory drugs and risk of acute kidney injury: Nested case-control
study. BMJ 2013, 346, e8525. [CrossRef]

21. Fassett, R.G. Current and emerging treatment options for the elderly patient with chronic kidney disease. Clin. Interv. Aging 2014,
9, 191–199. [CrossRef] [PubMed]

22. Georgianos, P.I.; Agarwal, R. Hypertension in chronic kidney disease-treatment standard 2023. Nephrol. Dial. Transplant. 2023,
38, 2694–2703. [CrossRef]

23. Flammia, R.S.; Anceschi, U.; Tufano, A.; Tuderti, G.; Ferriero, M.C.; Brassetti, A.; Mari, A.; Di Maida, F.; Minervini, A.; Derweesh,
I.H.; et al. Is Hypertension Associated with Worse Renal Functional Outcomes after Minimally Invasive Partial Nephrectomy?
Results from a Multi-Institutional Cohort. J. Clin. Med. 2022, 25, 1243. [CrossRef] [PubMed]

24. Borrelli, S.; Provenzano, M.; Gagliardi, I.; Michael, A.; Liberti, M.E.; De Nicola, L.; Conte, G.; Garofalo, C.; Andreucci, M. Sodium
Intake and Chronic Kidney Disease. Int. J. Mol. Sci. 2020, 13, 4744. [CrossRef] [PubMed]

25. Shi, H.; Su, X.; Li, C.; Guo, W.; Wang, L. Effect of a low-salt diet on chronic kidney disease outcomes: A systematic review and
meta-analysis. BMJ Open 2022, 12, e050843. [CrossRef] [PubMed]

26. Garofalo, C.; Borrelli, S.; Provenzano, M.; De Stefano, T.; Vita, C.; Chiodini, P.; Minutolo, R.; De Nicola, L.; Conte, G. Dietary Salt
Restriction in Chronic Kidney Disease: A Meta-Analysis of Randomized Clinical Trials. Nutrients 2018, 6, 732. [CrossRef]

27. Vegter, S.; Perna, A.; Postma, M.J.; Navis, G.; Remuzzi, G.; Ruggenenti, P. Sodium intake, ACE inhibition, and progression to
ESRD. J. Am. Soc. Nephrol. 2012, 23, 165–173. [CrossRef]

28. McMahon, E.J.; Bauer, J.D.; Hawley, C.M.; Isbel, N.M.; Stowasser, M.; Johnson, D.W.; Campbell, K.L. A randomized trial of dietary
sodium restriction in CKD. J. Am. Soc. Nephrol. 2013, 24, 2096–2103. [CrossRef]

29. Vogt, L.; Waanders, F.; Boomsma, F.; de Zeeuw, D.; Navis, G. Effects of dietary sodium and hydrochlorothiazide on the
antiproteinuric efficacy of losartan. J. Am. Soc. Nephrol. 2008, 19, 999–1007. [CrossRef]

30. Sasso, F.C.; Carbonara, O.; Persico, M.; Iafusco, D.; Salvatore, T.; D’Ambrosio, R.; Torella, R.; Cozzolino, D. Irbesartan reduces the
albumin excretion rate in microalbuminuric type 2 diabetic patients independently of hypertension: A randomized double-blind
placebo-controlled crossover study. Diabetes Care 2002, 25, 1909–1913. [CrossRef]

31. Díaz-López, A.; Becerra-Tomás, N.; Ruiz, V.; Toledo, E.; Babio, N.; Corella, D.; Fitó, M.; Romaguera, D.; Vioque, J.; Alonso-Gómez,
Á.M.; et al. Effect of an Intensive Weight-Loss Lifestyle Intervention on Kidney Function: A Randomized Controlled Trial. Am.
J. Nephrol. 2021, 52, 45–58. [CrossRef]

32. Pérez-Torres, A.; Caverni-Muñoz, A.; González García, E. Mediterranean Diet and Chronic Kidney Disease (CKD): A Practical
Approach. Nutrients 2022, 25, 97. [CrossRef] [PubMed]

33. Zhao, M.; Wang, R.; Yu, Y.; Chang, M.; Ma, S.; Zhang, H.; Qu, H.; Zhang, Y. Efficacy and Safety of Angiotensin-Converting
Enzyme Inhibitor in Combination with Angiotensin-Receptor Blocker in Chronic Kidney Disease Based on Dose: A Systematic
Review and Meta-Analysis. Front. Pharmacol. 2021, 12, 638611. [CrossRef] [PubMed]

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

35. Yau, K.; Dharia, A.; Alrowiyti, I.; Cherney, D.Z.I. Prescribing SGLT2 Inhibitors in Patients With CKD: Expanding Indications and
Practical Considerations. Kidney Int. Rep. 2022, 7, 1463–1476. [CrossRef]

36. Panuccio, V.; Mallamaci, F.; Pizzini, P.; Tripepi, R.; Garofalo, C.; Parlongo, G.; Caridi, G.; Provenzano, M.; Mafrica, A.; Simone, G.;
et al. Reducing salt intake by urine chloride self-measurement in non-compliant patients with chronic kidney disease followed in
nephrology clinics: A randomized trial. Nephrol. Dial. Transplant. 2020, 36, gfaa262. [CrossRef]

https://doi.org/10.3389/fcvm.2022.1035313
https://www.ncbi.nlm.nih.gov/pubmed/36277793
https://doi.org/10.3389/fphar.2022.974361
https://www.ncbi.nlm.nih.gov/pubmed/36091755
https://doi.org/10.1152/ajprenal.00340.2016
https://www.ncbi.nlm.nih.gov/pubmed/27707707
https://doi.org/10.1111/nep.13147
https://www.ncbi.nlm.nih.gov/pubmed/29155496
https://doi.org/10.15373/22778179/MAY2014/123
https://doi.org/10.15373/2249555X/AUG2013/7
https://doi.org/10.1371/journal.pone.0055643
https://doi.org/10.1093/ndt/gfu191
https://doi.org/10.1007/s40266-020-00747-0
https://doi.org/10.1136/bmj.e8525
https://doi.org/10.2147/CIA.S39763
https://www.ncbi.nlm.nih.gov/pubmed/24477220
https://doi.org/10.1093/ndt/gfad118
https://doi.org/10.3390/jcm11051243
https://www.ncbi.nlm.nih.gov/pubmed/35268334
https://doi.org/10.3390/ijms21134744
https://www.ncbi.nlm.nih.gov/pubmed/32635265
https://doi.org/10.1136/bmjopen-2021-050843
https://www.ncbi.nlm.nih.gov/pubmed/35017237
https://doi.org/10.3390/nu10060732
https://doi.org/10.1681/ASN.2011040430
https://doi.org/10.1681/ASN.2013030285
https://doi.org/10.1681/ASN.2007060693
https://doi.org/10.2337/diacare.25.11.1909
https://doi.org/10.1159/000513664
https://doi.org/10.3390/nu15010097
https://www.ncbi.nlm.nih.gov/pubmed/36615755
https://doi.org/10.3389/fphar.2021.638611
https://www.ncbi.nlm.nih.gov/pubmed/34025408
https://doi.org/10.1056/NEJMoa2210639
https://www.ncbi.nlm.nih.gov/pubmed/36326117
https://doi.org/10.1016/j.ekir.2022.04.094
https://doi.org/10.1093/ndt/gfaa262


J. Clin. Med. 2024, 13, 678 10 of 12

37. Verdalles, U.; de Vinuesa, S.G.; Goicoechea, M.; Quiroga, B.; Reque, J.; Panizo, N.; Arroyo, D.; Luño, J. Utility of bioimpedance
spectroscopy (BIS) in the management of refractory hypertension in patients with chronic kidney disease (CKD). Nephrol. Dial.
Transplant. 2012, 27 (Suppl. 4), iv31–iv35. [CrossRef]

38. Park, C.H.; Jhee, J.H.; Chun, K.H.; Seo, J.; Lee, C.J.; Park, S.H.; Hwang, J.T.; Han, S.H.; Kang, S.W.; Park, S.; et al. Nocturnal
systolic blood pressure dipping and progression of chronic kidney disease. Hypertens. Res. 2023, 47, 215–224. [CrossRef]

39. Wang, C.; Ye, Z.; Li, Y.; Zhang, J.; Zhang, Q.; Ma, X.; Peng, H.; Lou, T. Prognostic Value of Reverse Dipper Blood Pressure Pattern
in Chronic Kidney Disease Patients not Undergoing Dialysis: Prospective Cohort Study. Sci. Rep. 2016, 6, 34932. [CrossRef]

40. Mallamaci, F.; Torino, C.; Sarafidis, P.; Ekart, R.; Loutradis, C.; Siamopoulos, K.; Del Giudice, A.; Aucella, F.; Morosetti, M.; Raptis,
V.; et al. Treatment-resistant hypertension in the hemodialysis population: A 44-h ambulatory blood pressure monitoring-based
study. J. Hypertens. 2020, 38, 1849–1856. [CrossRef]

41. Borrelli, S.; Mallamaci, F.; Chiodini, P.; Garofalo, C.; Pizzini, P.; Tripepi, R.; D’Arrigo, G.; Tripepi, G.; Conte, G.; De Nicola, L.; et al.
Salt intake correlates with night systolic blood pressure in non-dialytic chronic kidney disease. Nephrol. Dial. Transplant. 2022,
37, 1387–1389. [CrossRef] [PubMed]

42. Zoccali, C.; Mallamaci, F.; Tripepi, G. Traditional and emerging cardiovascular risk factors in end-stage renal disease. Kidney Int.
2003, 85, S105–S110. [CrossRef] [PubMed]

43. Zoccali, C.; Roumeliotis, S.; Mallamaci, F. Sleep Apnea as a Cardiorenal Risk Factor in CKD and Renal Transplant Patients. Blood
Purif. 2021, 50, 642–648. [CrossRef]

44. World Health Organization. Global Health Risks: Mortality and Burden of Disease Attributable to Selected Major Risks; World Health
Organization: Geneva, Switzerland, 2009.

45. Janssen, F.; Bardoutsos, A.; Vidra, N. Obesity Prevalence in the Long-Term Future in 18 European Countries and in the USA. Obes.
Facts 2020, 13, 514–527. [CrossRef] [PubMed]

46. Stival, C.; Lugo, A.; Odone, A.; van den Brandt, P.A.; Fernandez, E.; Tigova, O.; Soriano, J.B.; José López, M.; Scaglioni, S.;
Gallus, S.; et al. Prevalence and Correlates of Overweight and Obesity in 12 European Countries in 2017–2018. Obes. Facts 2022,
15, 655–665. [CrossRef] [PubMed]

47. Lo, R.; Narasaki, Y.; Lei, S.; Rhee, C.M. Management of traditional risk factors for the development and progression of chronic
kidney disease. Clin. Kidney J. 2023, 16, 1737–1750. [CrossRef] [PubMed]

48. Hsu, C.Y.; McCulloch, C.E.; Iribarren, C.; Darbinian, J.; Go, A.S. Body mass index and risk for end-stage renal disease. Ann. Intern.
Med. 2006, 144, 21–28. [CrossRef]

49. Kwakernaak, A.J.; Zelle, D.M.; Bakker, S.J.; Navis, G. Central body fat distribution associates with unfavorable renal hemodynam-
ics independent of body mass index. J. Am. Soc. Nephrol. 2013, 24, 987–994. [CrossRef]

50. Dengel, D.R.; Goldberg, A.P.; Mayuga, R.S.; Kairis, G.M.; Weir, M.R. Insulin resistance, elevated glomerular filtration fraction, and
renal injury. Hypertension 1996, 28, 127–132. [CrossRef]

51. Elsayed, E.F.; Sarnak, M.J.; Tighiouart, H.; Griffith, J.L.; Kurth, T.; Salem, D.N.; Levey, A.S.; Weiner, D.E. Waist-to-hip ratio, body
mass index, and subsequent kidney disease and death. Am. J. Kidney Dis. 2008, 52, 29–38. [CrossRef]

52. Kirichenko, T.V.; Markina, Y.V.; Bogatyreva, A.I.; Tolstik, T.V.; Varaeva, Y.R.; Starodubova, A.V. The Role of Adipokines in
Inflammatory Mechanisms of Obesity. Int. J. Mol. Sci. 2022, 23, 14982. [CrossRef] [PubMed]

53. Grizelj, I.; Cavka, A.; Bian, J.T.; Szczurek, M.; Robinson, A.; Shinde, S.; Nguyen, V.; Braunschweig, C.; Wang, E.; Drenjancevic,
I.; et al. Reduced flow-and acetylcholine-induced dilations in visceral compared to subcutaneous adipose arterioles in human
morbid obesity. Microcirculation 2015, 22, 44–53. [CrossRef] [PubMed]

54. Muniyappa, R.; Sowers, J.R. Role of insulin resistance in endothelial dysfunction. Rev. Endocr. Metab. Disord. 2013, 14, 5–12.
[CrossRef] [PubMed]

55. Fliser, D.; Kronenberg, F.; Kielstein, J.T.; Morath, C.; Bode-Böger, S.M.; Haller, H.; Ritz, E. Asymmetric dimethylarginine and
progression of chronic kidney disease: The mild to moderate kidney disease study. J. Am. Soc. Nephrol. 2005, 16, 2456–2461.
[CrossRef] [PubMed]

56. Bello, A.K.; de Zeeuw, D.; El Nahas, M.; Brantsma, A.H.; Bakker, S.J.; de Jong, P.E.; Gansevoort, R.T. Impact of weight change on
albuminuria in the general population. Nephrol. Dial. Transplant. 2007, 22, 1619–1627. [CrossRef] [PubMed]

57. Mallamaci, F.; Ruggenenti, P.; Perna, A.; Leonardis, D.; Tripepi, R.; Tripepi, G.; Remuzzi, G.; Zoccali, C.; REIN Study Group. ACE
inhibition is renoprotective among obese patients with proteinuria. J. Am. Soc. Nephrol. 2011, 22, 1122–1128. [CrossRef]

58. Bolignano, D.; Zoccali, C. Effects of weight loss on renal function in obese CKD patients: A systematic review. Nephrol. Dial.
Transplant. 2013, 28 (Suppl. 4), iv82–iv98. [CrossRef]

59. Levick, S.P.; Murray, D.B.; Janicki, J.S.; Brower, G.L. Sympathetic nervous system modulation of inflammation and remodeling in
the hypertensive heart. Hypertension 2010, 55, 270–276. [CrossRef]

60. Black, L.M.; Lever, J.M.; Agarwal, A. Renal Inflammation and Fibrosis: A Double-edged Sword. J. Histochem. Cytochem. 2019,
67, 663–681. [CrossRef]

61. Kaur, J.; Young, B.E.; Fadel, P.J. Sympathetic Overactivity in Chronic Kidney Disease: Consequences and Mechanisms. Int. J. Mol.
Sci. 2017, 18, 1682. [CrossRef]

62. Noh, M.R.; Jang, H.-S.; Kim, J.; Padanilam, B.J. Renal Sympathetic Nerve-Derived Signaling in Acute and Chronic Kidney
Diseases. Int. J. Mol. Sci. 2020, 21, 1647. [CrossRef] [PubMed]

https://doi.org/10.1093/ndt/gfs420
https://doi.org/10.1038/s41440-023-01368-x
https://doi.org/10.1038/srep34932
https://doi.org/10.1097/HJH.0000000000002448
https://doi.org/10.1093/ndt/gfac028
https://www.ncbi.nlm.nih.gov/pubmed/35137232
https://doi.org/10.1046/j.1523-1755.63.s85.25.x
https://www.ncbi.nlm.nih.gov/pubmed/12753278
https://doi.org/10.1159/000513424
https://doi.org/10.1159/000511023
https://www.ncbi.nlm.nih.gov/pubmed/33075798
https://doi.org/10.1159/000525792
https://www.ncbi.nlm.nih.gov/pubmed/35917801
https://doi.org/10.1093/ckj/sfad101
https://www.ncbi.nlm.nih.gov/pubmed/37915906
https://doi.org/10.7326/0003-4819-144-1-200601030-00006
https://doi.org/10.1681/ASN.2012050460
https://doi.org/10.1161/01.HYP.28.1.127
https://doi.org/10.1053/j.ajkd.2008.02.363
https://doi.org/10.3390/ijms232314982
https://www.ncbi.nlm.nih.gov/pubmed/36499312
https://doi.org/10.1111/micc.12164
https://www.ncbi.nlm.nih.gov/pubmed/25155427
https://doi.org/10.1007/s11154-012-9229-1
https://www.ncbi.nlm.nih.gov/pubmed/23306778
https://doi.org/10.1681/ASN.2005020179
https://www.ncbi.nlm.nih.gov/pubmed/15930091
https://doi.org/10.1093/ndt/gfm091
https://www.ncbi.nlm.nih.gov/pubmed/17360767
https://doi.org/10.1681/ASN.2010090969
https://doi.org/10.1093/ndt/gft302
https://doi.org/10.1161/HYPERTENSIONAHA.109.142042
https://doi.org/10.1369/0022155419852932
https://doi.org/10.3390/ijms18081682
https://doi.org/10.3390/ijms21051647
https://www.ncbi.nlm.nih.gov/pubmed/32121260


J. Clin. Med. 2024, 13, 678 11 of 12

63. Ameer, O.Z. Hypertension in chronic kidney disease: What lies behind the scene. Front. Pharmacol. 2022, 13, 949260. [CrossRef]
[PubMed]

64. Zoccali, C.; Mallamaci, F.; Parlongo, S.; Cutrupi, S.; Benedetto, F.A.; Tripepi, G.; Bonanno, G.; Rapisarda, F.; Fatuzzo, P.; Seminara,
G.; et al. Plasma norepinephrine predicts survival and incident cardiovascular events in patients with end-stage renal disease.
Circulation 2002, 105, 1354–1359. [CrossRef] [PubMed]

65. Zoccali, C.; Mallamaci, F.; Tripepi, G.; Benedetto, F.A.; Parlongo, S.; Cutrupi, S.; Bonanno, G.; Rapisarda, F.; Fatuzzo, P.; Seminara,
G.; et al. Neuropeptide Y, left ventricular mass and function in patients with end stage renal disease. J. Hypertens. 2003,
21, 1355–1362. [CrossRef]

66. Mallamaci, F.; Tripepi, G.; Maas, R.; Malatino, L.; Böger, R.; Zoccali, C. Analysis of the relationship between norepinephrine
and asymmetric dimethyl arginine levels among patients with end-stage renal disease. J. Am. Soc. Nephrol. 2004, 15, 435–441.
[CrossRef]

67. Kiuchi, M.G.; Ho, J.K.; Nolde, J.M.; Gavidia, L.M.L.; Carnagarin, R.; Matthews, V.B.; Schlaich, M.P. Sympathetic Activation in
Hypertensive Chronic Kidney Disease—A Stimulus for Cardiac Arrhythmias and Sudden Cardiac Death? Front. Physiol. 2020,
10, 1546. [CrossRef]

68. Tinucci, T.; Abrahão, S.B.; Santello, J.L.; Mion, D., Jr. Mild chronic renal insufficiency induces sympathetic overactivity. J. Hum.
Hypertens. 2001, 15, 401–406. [CrossRef]

69. Zoccali, C.; D’Arrigo, G.; Leonardis, D.; Pizzini, P.; Postorino, M.; Tripepi, G.; Mallamaci, F.; van den Brand, J.; van Zuilen,
A.; Wetzels, J.; et al. Neuropeptide Y and chronic kidney disease progression: A cohort study. Nephrol. Dial. Transplant. 2018,
33, 1805–1812. [CrossRef]

70. Spoto, B.; Mallamaci, F.; Politi, C.; Parlongo, R.M.T.; Leonardis, D.; Capasso, G.; Tripepi, G.; Zoccali, C. Neuropeptide Y gene
polymorphisms and chronic kidney disease progression. J. Hypertens. 2023, 42, 267–273. [CrossRef]

71. Wright, R.S.; Reeder, G.S.; Herzog, C.A.; Albright, R.C.; Williams, B.A.; Dvorak, D.L.; Miller, W.L.; Murphy, J.G.; Kopecky, S.L.;
Jaffe, A.S. Acute myocardial infarction and renal dysfunction: A high-risk combination. Ann. Intern. Med. 2002, 137, 563–570.
[CrossRef]

72. Abbott, K.C.; Trespalacios, F.C.; Agodoa, L.Y.; Taylor, A.J.; Bakris, G.L. β-blocker use in long-term dialysis patients: Association
with hospitalized heart failure and mortality. Arch. Intern. Med. 2004, 164, 2465–2471. [CrossRef] [PubMed]

73. Ptinopoulou, A.G.; Pikilidou, M.I.; Lasaridis, A.N. The effect of antihypertensive drugs on chronic kidney disease: A comprehen-
sive review. Hypertens. Res. 2013, 36, 91–101. [CrossRef] [PubMed]

74. Levey, A.S.; Rocco, M.V.; Anderson, S.; Andreoli, S.P.; Bailie, G.R.; Bakris, G.L.; Callahan, M.B.; Greene, J.H.; Johnson, C.A.; Lash,
J.P.; et al. K/DOQI clinical practice guidelines on hypertension and antihypertensive agents in chronic kidney disease. Am.
J. Kidney Dis. 2004, 43 (Suppl. 1), S1–S290.

75. Bakris, G.L.; Copley, J.B.; Vicknair, N.; Sadler, R.; Leurgans, S. Calcium channel blockers versus other antihypertensive therapies
on progression of NIDDM associated nephropathy. Kidney Int. 1996, 50, 1641–1650. [CrossRef] [PubMed]

76. Holman, R.; Turner, R.; Stratton, I.; UK Prospective Diabetes Study Group. Efficacy of atenolol and captopril in reducing risk of
macrovascular and microvascular complications in type 2 diabetes: UKPDS 39. Br. Med. J. 1998, 317, 713–720.

77. Wright, J.T., Jr.; Bakris, G.; Greene, T.; Agodoa, L.Y.; Appel, L.J.; Charleston, J.; Cheek, D.; Douglas-Baltimore, J.G.; Gassman, J.;
Glassock, R.; et al. Effect of blood pressure lowering and antihypertensive drug class on progression of hypertensive kidney
disease: Results from the AASK trial. J. Am. Med. Assoc. 2002, 288, 2421–2431. [CrossRef] [PubMed]

78. Bakris, G.L.; Fonseca, V.; Katholi, R.E.; McGill, J.B.; Messerli, F.H.; Phillips, R.A.; Raskin, P.; Wright, J.T.; Oakes, R.; Lukas, M.A.;
et al. Metabolic effects of carvedilol vs metoprolol in patients with type 2 diabetes mellitus and hypertension: A randomized
controlled trial. J. Am. Med. Assoc. 2004, 292, 2227–2236. [CrossRef] [PubMed]

79. Fassbinder, W.; Quarder, O.; Waltz, A. Treatment with carvedilol is associated with a significant reduction in microalbuminuria:
A multicentre randomised study. Int. J. Clin. Pract. 1999, 53, 519–522. [CrossRef]

80. Tangri, N.; Shastri, S.; Tighiouart, H.; Beck, G.J.; Cheung, A.K.; Eknoyan, G.; Sarnak, M.J. β-blockers for prevention of sudden
cardiac death in patients on hemodialysis: A propensity score analysis of the HEMO study. Am. J. Kidney Dis. 2011, 58, 939–945.
[CrossRef]

81. Hering, D.; Mahfoud, F.; Walton, A.S.; Krum, H.; Lambert, G.W.; Lambert, E.A.; Sobotka, P.A.; Böhm, M.; Cremers, B.; Esler, M.D.;
et al. Renal denervation in moderate to severe CKD. J. Am. Soc. Nephrol. 2012, 23, 1250–1257. [CrossRef]

82. Schlaich, M.P.; Bart, B.; Hering, D.; Walton, A.; Marusic, P.; Mahfoud, F.; Böhm, M.; Lambert, E.A.; Krum, H.; Sobotka, P.A.; et al.
Feasibility of catheter-based renal nerve ablation and effects on sympathetic nerve activity and blood pressure in patients with
end-stage renal disease. Int. J. Cardiol. 2013, 168, 2214–2220. [CrossRef] [PubMed]

83. Mahfoud, F.; Urban, D.; Teller, D.; Linz, D.; Stawowy, P.; Hassel, J.H.; Fries, P.; Dreysse, S.; Wellnhofer, E.; Schneider, G.; et al.
Effect of renal denervation on left ventricular mass and function in patients with resistant hypertension: Data from a multi-centre
cardiovascular magnetic resonance imaging trial. Eur. Heart J. 2014, 35, 2224-31b. [CrossRef] [PubMed]

84. Kiuchi, M.G.; Graciano, M.L.; de Queiroz Carreira, M.A.; Kiuchi, T.; Chen, S.; Andrea, B.R.; Lugon, J.R. Effects of renal sympathetic
denervation in left ventricular hypertrophy in CKD refractory hypertensive patients. Int. J. Cardiol. 2016, 202, 121–123. [CrossRef]
[PubMed]

85. Ott, C.; Mahfoud, F.; Schmid, A.; Ditting, T.; Veelken, R.; Ewen, S.; Ukena, C.; Uder, M.; Böhm, M.; Schmieder, R.E. Improvement
of albuminuria after renal denervation. Int. J. Cardiol. 2014, 173, 311–315. [CrossRef]

https://doi.org/10.3389/fphar.2022.949260
https://www.ncbi.nlm.nih.gov/pubmed/36304157
https://doi.org/10.1161/hc1102.105261
https://www.ncbi.nlm.nih.gov/pubmed/11901048
https://doi.org/10.1097/00004872-200307000-00025
https://doi.org/10.1097/01.ASN.0000106717.58091.F6
https://doi.org/10.3389/fphys.2019.01546
https://doi.org/10.1038/sj.jhh.1001149
https://doi.org/10.1093/ndt/gfx351
https://doi.org/10.1097/HJH.0000000000003600
https://doi.org/10.7326/0003-4819-137-7-200210010-00007
https://doi.org/10.1001/archinte.164.22.2465
https://www.ncbi.nlm.nih.gov/pubmed/15596637
https://doi.org/10.1038/hr.2012.157
https://www.ncbi.nlm.nih.gov/pubmed/23051659
https://doi.org/10.1038/ki.1996.480
https://www.ncbi.nlm.nih.gov/pubmed/8914031
https://doi.org/10.1001/jama.288.19.2421
https://www.ncbi.nlm.nih.gov/pubmed/12435255
https://doi.org/10.1001/jama.292.18.2227
https://www.ncbi.nlm.nih.gov/pubmed/15536109
https://doi.org/10.1111/j.1742-1241.1999.tb11793.x
https://doi.org/10.1053/j.ajkd.2011.06.024
https://doi.org/10.1681/ASN.2011111062
https://doi.org/10.1016/j.ijcard.2013.01.218
https://www.ncbi.nlm.nih.gov/pubmed/23453868
https://doi.org/10.1093/eurheartj/ehu093
https://www.ncbi.nlm.nih.gov/pubmed/24603307
https://doi.org/10.1016/j.ijcard.2015.08.206
https://www.ncbi.nlm.nih.gov/pubmed/26386937
https://doi.org/10.1016/j.ijcard.2014.03.017


J. Clin. Med. 2024, 13, 678 12 of 12

86. Schuette, S.A.P.; Cordero, E.; Slosburg, K.; Addington, E.L.; Victorson, D. A Scoping Review of Positive Lifestyle and Wellness
Interventions to Inform the Development of a Comprehensive Health Promotion Program: “HealthPro”. Am. J. Lifestyle Med.
2019, 13, 336–346. [CrossRef]

87. Sasso, F.C.; Pafundi, P.C.; Simeon, V.; De Nicola, L.; Chiodini, P.; Galiero, R.; Rinaldi, L.; Nevola, R.; Salvatore, T.; Sardu, C.; et al.
Efficacy and durability of multifactorial intervention on mortality and MACEs: A randomized clinical trial in type-2 diabetic
kidney disease. Cardiovasc. Diabetol. 2021, 16, 145. [CrossRef]

88. Sasso, F.C.; Simeon, V.; Galiero, R.; Caturano, A.; De Nicola, L.; Chiodini, P.; Rinaldi, L.; Salvatore, T.; Lettieri, M.; Nevola, R.; et al.
The number of risk factors not at target is associated with cardiovascular risk in a type 2 diabetic population with albuminuria in
primary cardiovascular prevention. Post-hoc analysis of the NID-2 trial. Cardiovasc. Diabetol. 2022, 21, 235. [CrossRef]

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/10.1177/1559827617704825
https://doi.org/10.1186/s12933-021-01343-1
https://doi.org/10.1186/s12933-022-01674-7

	Introduction 
	Aging and CKD 
	Hypertension in CKD and Dietary Salt Intake 
	Obesity and CKD 
	Sympathetic Overactivity and CKD 
	Conclusions 
	References

