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Abstract: Chronic kidney disease (CKD) is a leading condition in terms of prevalence
and overall health impact. With the increased life expectancy of the CKD population and
the improvement in medical care, controlling musculoskeletal complications remains a
tough challenge. Patients with CKD are prone to falls, fractures and sarcopenia, enhancing
the risk of death. A multitude of mechanisms contribute to fractures, and treatment is
suboptimal; therefore, prevention must stand out as a key step. This review aims to provide
an overview of the most relevant data regarding the impact of nutrition on bone disorders
and sarcopenia in CKD. The newest relevant studies emphasize that plant protein intake is
associated with a lower production of uremic toxins, lower serum phosphorus levels, and
stronger bones. We conclude that patients with CKD should adopt specific diets tailored
to the presence of osteoporosis, renal osteodystrophy, and muscle wasting. Low-protein
diets or plant-dominant diets containing an adequate amount of protein could be better
choices for predialysis patients with CKD in order to protect their bones and muscles,
whereas in the dialysis population, a higher protein intake could be essential to prevent
osteoporosis and sarcopenia. In all patients with CKD, focusing on antioxidant food intake
could provide a strong antiaging benefit through ensuring good musculoskeletal health.

Keywords: chronic kidney disease; mineral and bone disorders; osteoporosis; sarcopenia;
lifestyle; nutritional intervention; antioxidants

1. Introduction
1.1. CKD—Epidemiology

We are living in a time in the history of medicine when non-communicable diseases
have the greatest impact on survival, and among these, chronic kidney disease (CKD)
is one of the most prevalent [1]. It is currently estimated that over 850 million persons
have CKI worldwide [2], and as a result of the population aging, prediction data indicate
that CKD will become the fifth global cause of death by 2040 and the second cause of
death in countries with a long life expectancy by 2100 [3]. Moreover, the number of
patients with end-stage renal disease (ESRD) is rapidly increasing, and these patients
are confronting the most severe outcomes. Kidney transplantation, the best option for
renal replacement therapy (RRT), is hampered by a shortage of kidney donors; therefore,
a high demand for both hemodialysis (HD) and peritoneal dialysis has been registered
in ESRD [3]. It is unfortunate that the survival benefit in chronic dialysis compared to
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conservative management is overshadowed by the multitude of uncontrolled chronic
symptoms and complications.

1.2. Bone and Muscle Health

The increasing life span of the global population has resulted in high interest in physi-
cal fitness and the prevention of disabilities. Yet, older adults struggle with frailty rather
than enjoying mobility and health. In patients with CKD, musculoskeletal complications
are common across all stages; however, the worst situation is observed in patients with
ESRD when bone and muscle health suffering become difficult to tolerate [4]. Advance-
ments in treatments for osteoporosis and other bone disorders come as a response to the
need for autonomy and for the overall well-being of every person, even in elderly individ-
uals [5]. However, in patients with CKL), none of the available treatments can halt bone
suffering, and it is even more problematic that musculoskeletal disorders are associated
with prolonged hospitalization and high mortality. One of the main risk factors for these
negative outcomes is malnutrition [6].

1.3. Nutrition and CKD

The development of treatments for osteoporosis and sarcopenia is remarkable, but
at the same time, we are witnessing increasing awareness regarding the role of lifestyle
interventions as preventive measures. The progress has been slow and focused on remov-
ing unnecessary restrictions, mainly for food with clear health benefits for the general
population. Natural bicactive compounds could be useful in treating CKD and can im-
prove body composition in favor of muscles and healthy bone structure [7]. Studies on
the impact of variable nutritional patterns on the musculoskeletal system in patients with
CKD have provided conflicting results. Some of them revealed a relationship between
different nutrients with better bone mineral density (BMD) or bone biopsy features, while
others found a worse significant association [5,9]. The aims of this paper are to review the
current knowledge about the interactions of nutritional intervention with bone disorders
and sarcopenia in patients with CKD and to conclude what the best food choices are to
achieve musculoskeletal strength.

2. Musculoskeletal Involvement in CKD—Pathogeny
2.1. Chronic Kidney Disease—Mineral and Bone Disorders (CKD-MBD)

The term CKD-MBD refers to a systemic syndrome involving mineral abnormalities
of calcium (Ca}, phosphorus (F), parathyroid hormone (FTH), or vitamin D levels, leading
to bone complications vascular calcification due to CKD [10,11]. Renal osteodystrophy is a
complex of different bone diseases in CKD), defined according to imagistic and histological
abnormalities. There are several types of morphological bone modifications in CKD-MBD
depending on turnover, mineralization, and strength. The remodeling process consists of
the formation and resorption of bone tissues depending on the balance of ostecblast and
osteoclast activities [5]. Renal osteodystrophy includes four entities, namely fibrocystic
osteomalacia, adynamic bone disease, and mixed lesions. Fibrocystic osteitis is associated
with high bone turnover secondary to hyperparathyroidism, while osteomalacia is the
consequence of vitamin D deficiency, and adynamic bone disease occurs due to low bone
turnover, which is frequently seen in patients with CKD with low FTH, particularly after
parathyroidectomy [12]. The pathogeny of CKD-MBD implies the dysregulation of Ca
and F, which depends on the action of parathormone (FTH), of the nutritional and active
forms of vitamin D, and of the FGF23-Klotho axis and their impacts on bone. The body
systems involved in this regulation process are the parathyroid glands, the small intestines,
the bones, and the kidneys. They all interact to maintain normal serum levels of Ca and
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P [13] The clinical impact of this interplay is important in CKD, especially in advanced
stages. In chronic HD, increased mortality was reported in patients with high P and Ca
levels accompanied by high or low FTH levels [14].

In CKID-MBD, different factors contribute to frailty, such as uremic toxicity [15] or
metabolic acddosis [16]. The amount of acid produced in the organism needs to be buffered,
but in CKD, there is a decreased ability to generate bicarbonate. Studies have shown that
acid loading adwversely affects phosphorus homeostasis [16]. Prolonged metabolic acidosis
decreases bone strength and favors fracture risk due to inceased osteoclastic activity, and
due to malnutrition [16].

Other important contributors to CKD-MBD are inflammation, coddative stress, and mi-
tochondrial dysfunction. CKD-MBD and malnutrition-inflammation complex syndromes
are often associated in chronic dialysis patients, leading to a vicious cycle in which each
perpetuates the other's progression [17].

21, Ostenporosis

Osteoporosis is one of the most common systemic bone diseases in clinical practice
and mostly occurs in postmenopausal women [18]. Osteoporosis is a degradation of
bone tissue structure with a decrease in the BMD, bone fragility, and high risk of fracture.
About 9 million osteoporosis-related fractures are globally reported every year [5,18]. The
pathogeny of bone loss and fractume in CKD is complex and multi-factorial, as bone strength
is compromised due to the detericration of both bone quantity and quality [19]. This could
be an explanation for the difficulty of reaching a consensus on the optimal diagnostic
method of osteoporosis in patients with CKD. As a result, osteoporosis assessment in
CEKD may include dualenergy x-ray absorptiometry (DXA) or quantitative computed
tomography for quantity and imagistic trabecular bone scom or bone biopsy for quality [20].

2.3, Sarcopenia

Sarcopenia is a progressive musche disease characterized by loss of muscle mass,
muscle strength and physical performance. Sarcopenia is age-related, has a high prevalence
in CKD, up to 19%, and becomes more prominent as CKD progresses [21]. In children with
CKD, the muscle—bone axis influences growth, and it is responsible for their muscle mass
loss. Mechanisms such as systemic inflammation, anorexda, physical inactivity, vitamin I
deficiency, impained growth hormone/ insulin growth factor 1 axis play important roles
in physical underdevelopment of ESED children [22]. The pathophysiology also imrobres
ubiquitin, mycstatin, uremic toxicity, reduced energy or nutrient intake, altered contractile
activity, reduced myogenesis and reduced protein synthesis. All of these contribute to
muscl degradation and impaired regeneration [23]. The theory of the functional muscle—
bone unit has a physiological basis, and it is supported by two recent studies showing
positive correlations between skeletal and, respectively, psoas muscle mass index with
BMD in HD patients [24,25].

The pathogenic pathways kading to musculoskebetal disorders in CKD are numerous
and the process is complex and multifactorial (Figure 1)

Intact bones, joints and muscles, good physical performance and the absence of
specific symptoms, signs, laboratory and imagistic modifications are central to muscu-
loskeletal health.
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Figure 1. Pathogenic pathways assodated with musculoskeletal disorders in CKD.

3. Impact of Musculoskeletal Disorders on Outcome in CKD Patients
3.1. Ciinical Impact of CKD-MBD

As CKD progresses, more patients develop bone and mineral metabolism disorders.
Clinical manifestations of CKID-MBD consist of bone pain, muscle-tendon ruptures, pruri-
tus, increased incidence of fractures, bone deformities and growth arrest in children. The
reported global incidence of falls in CKD patients is far higher than the general population.
Approximately 30-60% of dialysis patients experienced falls, and of these, 16% resulted in
fractures and 4% in death [26]. Fractures create a vicious cycle, reducing physical activity,
which consequently causes muscle weakness, fear of falling, further decreased physical
activity and, eventually, higher risk of falling [12,27]. Good physical function is a pre-
requisite for being involved in social and other different daily life activities. One of the
main goals in the care of CKD patients in all stages is to prevent disability, because many
patients with CKD-MBD experience functional impotence and lower quality of life. An
accurate and feasible assessment of the CKD patient must include the evaluation of physical
function [28]. CKD-MBD is an important risk factor for mortality and CKD progression
leads to risk augmentation [29,30]. Mortality in HD patients with fractures is significantly
higher than in those without fractures [31]. Therefore, measures to prevent fractures need
to be actively implemented.

3.2. Chinical Impact of Osteoporosis in CKD

A Canadian study on 19,973 individuals analyzed the relationship between frailty
and bone health. Frailty consists of at least three of these five symptoms: weakness, slow
walking speed, low physical activity, exhaustion, and unintentional weight loss. The study
demonstrated that having at least one frailty criterion was associated with a higher risk of
fracture and a lower BMD [32]. CKD may be considered a risk factor for fractures, as low
BMD in patients with CKD stages 3a-5D has been linked to a 1.5 to 2-fold higher fracture
risk compared with BMD-matched patients without CKD [20]. Concomitant loss of BMD,
bone strength, muscle mass and strength in CKD may lead to mechanical impairment of the
muscle-bone axis with detrimental impact on social roles and, consequently, low quality of
life [32].
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3.3, Chinical Impact of Sarcopenia in CKI

CKIY is responsible for muscle mass loss, with a great influence on physical perfor-
mance. CKD also interferes in the biomechanical communication bebween muscles and
bones, with an impact on outcomes. A recent registry study on a large number of adult
Korean HIY patients demonstrated that kean body mass has a significant role in predicting
maortality in HD patients across different age groups [33].

4. Management of Musculoskeletal Disorders in CKD

There is a global focus on the goal of extending dialysis-free time and delaying
dialysis initiation in CKI} populations, with a secondary benefit in preventing some of the
musculoskeletal problems [34]. However, specific approaches are needed. Kidney Disease
Improving Global Outcomes (KDIGO) 2017 Clinical Practice Guideline for CKID-MBD has
recommended thorough treatment decisions for the various typical bone diseases in CKIY
patients, but also for osteoporosis [10,11,14].

41. CKD-MBI? Treatment

The curment approach for CKD-MBD targets mainly hyperphosphatemia, hypocal-
cemia and vitamin [ deficiency. The control of secondary hyperparathyroidism is the
cormerstome for the management of CKD-MBD. Evidence has indicated that hyperphos-
phatemia is “a toxic factor” at multiple levels, and it has been associated with severe
complications and increased mortality [12]. In controlling hyperphosphatemia, phosphorus
binders plays a key role in eliminating the gastro-intestinal load. The range of agents
extends from calcium-based (Ca carbonate or acetate) to noncalde phosphate binders (seve-
lamer, lanthanum, or sucroferric cxyhydroodde). The first categony can increase the risk of
vascular calcification, and the second can be used only in advanced CKD stages. As for
vitamin [Yuse, in all stages of CKD, serum calcidiol should be maintained within the nor-
mal range. The use of calcitriol or any other active analogs is not routinely recommended,
being reserved for severe hyperparathyroidism cases. For ESRD patients in chronic dialysis
programs, calcimimetics are usetul treatments for secondary hyperparathyroidism [13].
Adequate dialysis is essential in controlling CKD>MBD in CKD stage 5D, with the potential
to eliminate phosphorus and normalize serum Ca levels. In patients with unresponsive
or tertiary hyperparathyreidism, surgical removal of the parathyroid glands should be
considered. The curmrent recommendation is to perform parathyroidectomy if FTH levels
remain above B pg/ml. despite adequate medical treatment and if it is accompanied by
clearly related signs and symptoms [11]

42, Osteoporosis Treatment

Some currently prescribed drugs for osteoporosis may not be suitable for CKIY patients.
The first-line anti-osteoporosis drugs, bisphosphonates, may worsen kidney function or,
in ESRID, are relatively contraindicated. Denosumab, a humanized monoclonal RANKL
antibody, is an antiresorptive factor not cleared by the kidney and has been used for treat-
ment of osteoporosis, with positive effects in terms of BMD and fracture incidence. An
interesting study has proven the beneficial effect of dencsumab for muscle and bone tissue
in osteoporotic mice and female humans [35] Tt can be safely used, but in ESED, there are
concerns about the risk of severe hy pocaleemia [20]. Romosoeumab, a humanized mono-
clonal antibody and inhibitor of sclerastin, has been proven to cause a significant change in
BMD in all kidney function categories [36]. Teriparatide, an anabolic, bone formation drug,
is not recommended is most cases, being of special use in parathyroidectomized patients or
those with high suspicion of low bone turnover disease. A recent meta-analysis highlighted
the effectiveness of anti-osteoporotic agents (teriparatide, denosumab, romesozumab, ralosx-
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ifene) in lowering vertebral fractume risk in CKID patients, particularly in stages 1-3, with
no benefit in stages 4 and 5 [36]. The absence of mported side effects encourages further
research, especially because advanced CKD patients encounter the lowest BMD, and the
needs are not yet met

4.3. The Key Therapentic Ciptions for Sarcopeniz

The key therapeutic options for sarcopenia management include one or a combination
of exercise, nutrition, and pharmacological interventions. A growing body of literature has
reported specific benefits of these interventions in CKD-assodated sarcopenia across the
disease spectrum [37]. There is a growing interest in the question of combining nutrition
and exercise in CKID, and dialysis can improve the musculoske letal outcomes [338,39],

5. Impact of Nutrition on Bone Disorders and Sarcopenia in
CKD Patients

Defining healthy nutrition is somehow difficult, because it is a continually changing
concept. This happens as a consequence of inmeasing focus on research in the food domain
and due to ongoing study of the effects that different nutrients exert on the human body.
Mutrition patterns and individual needs should be adjusted every time new and significant
evidence points to a positive influence that a specific food group has on general health and
on the prevention of non-communicable diseases, including CETD [40]. Conversely, given
the potential of some foods to become risk factors for diseases, the “World Health Organi-
zation (WHO) Global Action Plan for the Prevention and Control of Noncommunicable
Diseases” included strategies against behavioral risk factors, with a focus on unhealthy
diets [41]. For the general population, WHO recommended balancing energy intake, in-
creasing consumption of fruits and vegetables, and limiting the intake of saturated fats,
sugar and salt [41].

Mutritional habits contribute to 20407 of the risk of osteoporosis [42]. Chronic kid-
ney disease is a condition associated with higher rates of osteoporosis than the general
population. Therefore, dietary intervention to prevent the osseous manifestations of CKIY
is even more important. At the same time, optimal nutrition is more difficult to accom-
plish due to numerous risk factors and restrictions. As for CKD-MBD, the current diet
recommendation includes low phosphate intake, reduced dietary acid loads, measures
to correct Ca and vitamin D levels [11,43]. The latest guidelines for the management of
CKIY recommend increased consumption of plant-based foods and decreased consumption
of animal-based foods and ultraprocessed foods. Education about dietary adaptations
regarding P, Ca, sodium, potassium, protein, and even water intake should be an important
step in CKIY management. All these measures aim to delay progression to ESED and to
prevent chronic complications, particularly CKD-MBD and osteosarcopenia [34]. Lifestyle
interventions such as modifying nutritional habits proved to be effective in reducing risk
of vascular calcification [44] and frailty in CKD-MBD [45,46). The efficacy and safety of
these interventions in patients on musculoskeletal involvement in people with CKD ame
still undetermined. Thus, there is an urgent need for relevant and reliable information on
whether specific foods are beneficial for all various bone diseases in CKID patients.

51. Protens

A low-protein diet is often recommended to predialysis CKD patients. According
to the KDOCH 2020 clinical practice guidelines for nutrition in CKD, daily protein intake
recommendation should vary according to CKD stage. In stages 3-5, CKID patients ame
prescribed low protein intake (0155 to (L60 g/ kg /day), aiming to postpone dialysis initiation
by reducing uremic complications associated with protein catabolism [47]. The alternative
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is very low protein intake ((.28-0.43 g/kg/day) with keto-amino acid analogues. With
respect to the amount of protein intake, the KDIGO guidelines for CKD management
updated to 2024 are less demanding, allowing in CKDD stages 3-5 a protein intake of up to
08 g/ kg/ day, including at least 50%. of proteins of high biological value [34].

Metabolic acidosis is one of the concerns egarding animal protein intake in CKD, due
to its detrimental effects on bones and muscles. Food sources of acid are meat, cheese, and
egps, as all these increase the intake and metabolization of acid in the body. On the other
hand, fruit and vegetables are good buffers, comecting metabolic acidosis. Confemporany
fast-food diets deliver a high acid load, which has to be neutralized by the bones and
muscles. Some studies reported that reducing acidic food by replacing meat with vegetal
proteins can protect bones and muscles and slow CKD progression [48]. Several benefits
emerge from metabolic acidosis correction in adult CKD patients, such as reduced protein
degradation and muscle wasting, better serum albumin levels and nutritional status [16,1%].
In a clinical setting, the nutritional status of CKD patients is best assessed using ques-
tionnaires, biochemical parameters such as serum albumin, cholesterol, even phosphoras
and creatinine in HI} patients and anthropometric measumres and muscle strength. The
follow-up is an important step for assessing adherence [34]. In a small study on subjects
with CKD stages 3-4, an omnivorous diet containing 70% protein from plants for 4 weeks
was efficacious in lowering urine phosphorus and titratable acid. The effect of such a diet
was successful on mineral metabolism and acidosis in CKID. Therefore, it should implicithy
be helpful in musculoskeletal health, as phosphomus and acidosis are the main pathogenic
agents in CKD-MBD [459] (Table 1).

High-protein diets are essential for healthy bones, being associated with higher BMD.
Undoubtedly, building or preserving muscle mass starts from a foundation of proteins.
Chronic dialysis treatment leads to loss of proteins and inoeased muscle catabolism; hence,
the KDOOT guidelines for nutrition in CKD recommend that patients treated with diabysis
be prescribed high protein intake (1.0-1.2 g/kg/day) [47]. Based on the National Health
and Nutrition Fxamination Survey (WHANES) data, Lee et al evaluated bone densities
of different femoral areas according to different protein diets. In subjects without CKD,
higher-protein diets led to higher femoral BMD. High-protein CKD patients did not develop
higher femoral BMD and neither did those with low-protein diets reduce their femoral
BMD. However, CKD resulted as a risk factor for reduced BMD over the intertrochanteric
bone region [¥] (Table 1). In patients with ESED, protein malnutrition is common and is
usually caused by low-protein diets, CKD progression, and prolonged dialysis treatment.
Hemodialysis is responsible for a loss of 3-8 g of amincacids per session [50]. In a post
hoc analysis of the [HOPE trial, HD patients were randomized for 12 months to placebo,
30 g of whey protein supplementation, or protein plus intradialytic bicycling. The study
demonstrated that protein supplementation with or without exercise training is associated
with improved hip BMD, preventing the loss of bone mass in elderly individuals [51]
(Table 1.

Considering sarcopenia, it is common in ESED, as these patients are highly sedentary
and at risk of malnutrition. 4 recent Australian single-center cohort of maintenance HD
patients reported a sarcopenia prevalence of 18%. In this study, low serum albumin and
phosphate resulted as significant risk factors for muscle wasting. These findings confirm
that protein malnutrition is an important risk factor for sarcopenia [52] (Table 1).

Specific protein consumption has gained impressive popularity in recent years as
a complementary approach to body building. Theme is an ongoing debate about these
protein supplements, espedially creatine, one of the most commoenly used, in regard to
beneficial or harmful effects in CKD patients. Creatine is an essential contributor to
cellular erergy homeostasis. Fecent findings suggest that endogenous creatine production



Nutrients 2025, 17, B9%

Bof 22

progressively decreases with increasing stages of CKD. Creatine deficiency in CKD was
associated with fatigue, muscle wasting, impaired cognition, and high mortality. Creatine
coming from meat and dairy increasingly becomes an essential nutrient and there is a
debate about the fact that newer recommendations for plant-based diets may worsen
this deficiency [53]. As might be expected, numerous concerns are addressed to the
potential of creatine to impair kidney function Howewver, a clinical trial consisting of
12-week creatine supplementation showed a significant increase in serum creatinine, while
oystatin C remained unchanged [54]. Other studies found no change in serum creatinine
after creatine supplementation [55]. Consequently, in CKIY patients receiving creatine
supplementation, creatinine levels become unreliable in evaluating the renal function and
oystatin C clearance should be used to assess glomerular filtration rate [53]. A recent
small double-blinded study conducted on 40 HI) patients explored the effect of creatine
supplementation on body composition and malnutrition-inflammation score. At 1 year,
creatine supplementation was associated with increased fat-free mass and skeletal muscle
mass, but the authors assume that the simultaneous increase in intracellular water may
influence results. There was no attenuation of malnutrition—inflammation score [56]. The
mesults indicated that increasing creatine intake (even without resistance training) enhances
fat-free mass and skeletal muscle mass in HD patients, indicating a potential role of oeatine
in the future nutritional management of sarcopenia in CKD (Table 1). In conclusion, healthy
proteins from lean poultry, peas, chickpeas, beans, lentils, and fatty fish are possible choices
in CKI} for the benefits on muscular and ostecarticular functionality. The amount of
protein depends on the CKD stage, and creatine may play a role in the futue of CKD-MBD
nutrition [57].

5.2, Phosphorus, Vitarun D, Calcium and Magnesium

Efforts to control hy perphosphatemia in patients with CKID are essential for preventing
secondary hyperparathyroidism and renal osteodystrophy [58]. General recommendations
for maintaining serum phosphorus within normal limits include monitoring the dietary
intake of phosphorus and taking phosphate binders. Dietary strategies to reduce phosphate
levels include abstaining from phosphate-rich foods, as well as paying attention to binavail-
ability [59] The dietary phosphorus burden in kidney disease contributes to the pathogemy
of CKD-MBD. Dietary phosphate restriction is used commonly to improve outcomes, but
the fact that phosphate intake usvally parallels protein intake makes the situation more
complicated, as CKID patients need to receive an adequate amount of dietary protein to
avoid malnutrition [58]. The real restriction should be addmressed to phosphate additives.
Such inorganic phosphate additives are widely used to produce fast foods, restructured
meat, soft drinks, spreadable cheeses, sauces, and fromen bread products [£0-62]. Sherman
et al. measured the phosphorus, potassium, and protein content in uncooked meat and
poultry products, and they discovered that phosphorus and potassium content wene two-
and three-fold higher, respectively, due to additive content, and this information is often
lacking from food labels [60].

An interesting experiment was conducted by Gutierrez et al, assessing the impact of
additive intake on bone. After an additive-enhanced diet, healthy individuals, but also
mice had modified bone biomarkers, and the BMI} decreased in mice [53] (Table 1). There
is avery fine line regarding the balance of nutrients in food. Many of the natural foods
knonwn to be rich in phosphorus weme traditionally disapproved in CKD-MBD. The capacity
to absorb phosphate should also be considered while deciding on appropriate nutrition,
as the intestinal absorptive rate of additive phosphate is over 80%, while for phosphate
contained in plants, it is about 30%: [54]. Lately, foods like beans and nuts have received
more attention for use by CKIY patients with the knowledge that the phosphorus is less
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absorbed. Thus, in predialysis patients, beans and nuts may be mome acceptable protein
sources, because the phytate and fiber content leads to a lower phosphorus absorption
rate [65] A recent study has evaluated adults” phosphorus knowledge and dietary intake
of phosphorus, hypothesizing that there would be a negative relationship, in which high
phosphorus knowledge scones would contribute to lower consumption of phosphorus-rich
foods. The results showed no association with phosphoras knowledge scores and dietary
intake of phosphorus, indicating a gap in understanding and a need for tailored nutrition
education among adults on dialysis [66].

Vitamin D deficiency is common in patients with CKID and associated with poor out-
comes. Vitamin [is a well-known modulator of musculoskeletal health in CED through
its effects on Ca, F, FTH and, consequently, on bones [67]. Okidative stress in CKD is
also impactful on bones and exacerbated by vitamin D deficiency. Nonclassical vitamin I
actions are thought to be related to effects on uremic inflammatory status, and on immune
dvsfunction. [t was therefore considered as reasonable to improve 25-dihy drocyvitamin
D supply for extrarenal production of 1,25-dihydroxgrwitamin D. In HDY patients, cholecal-
ciferol therapy led to a significant decrease in inflammatory markers and cytokines [68].
Current clinical practice guidelines recommend supplementation with nutritional vitamin
D, as for the general population. The deficit is usually corrected with oral medication,
but natural sources of witamin I such as fatty fish, hazelnuts and mushrooms should be
seriously advised [59].

There may be a concern that excess magnesium (Mg) may impede bone mineralization.
Sakaguchi et al conducted a study on a large nation-wide database of patients undergoing
HI} in Japan with no history of hip fracture. The follow-up lasted 2 years and they
identified 2% new hip fractures. The risk of hip fracture was not elevated in HD) patients
with mild hypermagnesemia, but lower serum Mg levels were significantly associated with
an increased risk of hip fracture. The population-attributable fraction of serum Mg level
for new hip fractures was 13.7% which was much higher than that of serum Ca, F, and
FTH levels [70] (Table 1). A higher dietary amount of Mg can be obtained from cashews,
peanuts, almonds or spinach intake. Interestingly, there is a significant interaction between
Mg and phosphate in terms of absorption and bone effects [71].

5.3. Plmi-Based Diefs and Microbiota
5.2.1. Plant-Based Diets and Mant-Dominant [hets (PLADO)

A plant-based diet leads to a 12% lower risk of glomerular filtration rate decline [72].
Even new CKDD cases can be prevented by eating plant-based foods. A community-based
prospective Korean cohort study demonstrated that a diet rich in vegetables reduces the
incidence of CKD [73]. Individual components of such a diet have a beneficial influence on
blood pressure, lipid levels, thrombosis and fibrosis risks, oxidative stress, inflammatony
msponses, and endothelial function in CKD patients. Plant-based diets were also associated
with a better quality of life, better management of complications and decreased mortality in
adults with CED [7475]. BEvidence supports the use of plant-based diets for their survival
benefit. Important findings come from a registry study which proved the association
between a diet with a higher proportion of protein from plant sources and lower mortality
in CKD stages 3a-5 [74]. The consumption of fruits and vegetables in patients with stage
3 CKD is seen as an effective method for correcting metabolic acidosis and preserving
renal function [7&]. The latest KIXM guidelines recommend an increased dietary intake
of fruits and vegetables in adults with CKID 14, to decrease net acid production in order
to reduce the rate of decline of kidney function and to protect bones from MBD [47].
Acidemia is a major contributor to bone abnormalities in CKD-MBD. Plant foods contain
citrate, which is metabolized to bicarbonate and can help reduce metabolic acidosis [77],
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leading to improvements in bone metabolism [16]. Among other nutrients, citrate is
involved in pathophysiclogy and the management of bone diseases in CKD. Bone tissue
is the main intrinsic source of citrate, being produced by ostecblasts. At the same time,
dtrate influences ostecblasts” differentiation and functionality. Increasing consumption
of oranges, lemons or other types of citrus fruits with high citrate content may be helpful
in neutralizing the acid load, and, consequently, in managing CKI-MBD [F8]. A new
experimental study demonstrated that diosmin, a bioflavonoid contained in dtrus, protects
against CKIFinduced osteopenia in CKD rats, preserving bone mass and strength [77]
(Table 1). Thus, we may assume that citrus consumption may have anti-osteoporosis
properties in CKD patients.

In a single-center cross-sectional study on autosomal dominant polycoystic kidney
disease (ADPED) patients, higher adherence to DASH diet (rich in vegetables, fruits and
whole grains) was associated with low risk of reduced handgrip strength, indicating that
the DASH dietary pattern may promote the preservation of muscle strength in ADFKD
patients [80] (Table 1).

Yet, plant proteins ame less anabolic and less digestible than animal proteins. Ac-
cordingly, for a similar anabolic effect on muscles and bones, the adequate amount of
plant protein should be higher than the animal proteins [51]. Mansouri et al. evaluated
the association between pro-vegetarian dietary patterns and the risk of protein-energy
wasting and sarcopenia in CKD patients. Their findings indicated that greater adherence to
pro-vegetarian diets was negatively associated with the odds of protein-energy wasting,
but no association was shown between these diets and the odds of sarcopenia. Therefore,
while these results encourage the consumption of plant-based foods, this dietary pattern
may not effectively reduce the risk of sarcopenia in CKD patients, particularly if it causes
insufficient protein intake [52].

Highprotein plant-based food is advised if the potassium content is not too high [11].
Even e garding potassium-melated restrictions, we have new surprising data. In a prospec-
tive study om HD patients, decreased dietary potassium intake was associated with higher
maortality risk. These findings suggest that excessive dietary restriction may be harmful
in HD patients [83]. These may indicate the need for a paradigm shift in judging “bad
potassium” indiscriminate by

5.3.2. Uremic Toxins and Microbiota

There is a large body of evidence on the accumulation of uremic toxins in CED patients
and its detrimental influence on bone quality and quantity [84]. In most studies, indoyl
sulfate and p-cresyl sulfate, the most important uremic toxins, reduce bone turnover and
suppress bone formation. Uremic towins play a crucial role in the development of low
bone turnover disease in CKD through downregulation of FTH receptor expression on
osteoblasts and through induction of axidative stress. Reactive ooygen species inhibit
osteoblast functions and stimulate osteoclast proliferation, induce PTH resistance, con-
tributing to the installation and progression of adynamic bone disease in CKD [85]. The
results of Barreto et al. indicate a positive association between indoxy| sulfate levels and
bone formation rate, ostecblast surface area, ostecid volume, and bone fibrosis volume [B&].
Such findings may be explained by the role indoxyl sulfate plays in the pathogeny of
bone resistance to FTH and, eventually, of low turnover bone disease [86,587] (Table 1).
The impact of a uremic inflammatory environment is not negligible, with CKD inducing
decreased muscle protein synthesis and muscle breakdowmn.

Microbiota plays a specific role in bone metabolism and function. CKD induces dys-
biosis, with consequences for various pathological processes. A recent review highlighted
important pathogenetic connections between gut microbiota and bone health in CKID
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patients, demonstrating how the accumulation of indole and p-cresol in CKD disrupts
microbiota and impairs bone formation by inducing PTH resistance in bone cells [35]. The
decrease in gastrointestinal absorption and the increase in uremic toxin removal may be
important in the treatment of uremic osteoporosis [59]. Probiotics are living microorgan-
isms which nestore the balance of intestinal microbiota and improve mucosal integrity.
Foods rich in probiotics such as yogurt, kefir, pickles, saverkraut or kimchi, can mitigate
uremic toxicity and protect the musculoskeletal function [%0]. Recently, a growing body
of evidence has emerged on the benefits of plant-dominant low-protein diet (PLATHY) in
fav oring healthy microbiomes. A dopting PLADO prevents constipation and, as a result,
reduces hyperkalemia and relieves uremic toxin burden, with a better preventive effect
against metabolic complications in CKIDY compared to animal protein-dominant intake [91]

A long-standing but untested component of the low-phosphorus diet is the promotion
of refined grains over whole grains. Due to the beneficial fiber content of whele grains,
this recommended restriction should be thoroughly analyzed. A recent paper reviewed
scentific evidence for avoiding whole grains in the dialysis population. Although estimated
phosphorus intake was higher, the modification of serum phosphorus was insignificant,
concluding that there is no strong evidence in favor of restricting whole grain over refined
grain [42].

The attempt to restrict phosphorus intake has led to other inappropriate recommen-
dations, namely, to avoid nuts in CKD. However, less than a third of the dietary organic
phosphorus from nuts is absorbed, so it is unlikely that they contribute to dietary phospho-
rus burden in CKTY [93,94]. Various kinds of nuts have high fiber content, with benefits for
aeating a healthy microbiota. In an experimental model of CKD, a Brazil nutenriched diet
was able to modulate enteric glial cells and gut microbiota [95]. A different study proved
the possibility of modulating BMI?Y using a Brazil nut-enriched diet in a CKD experimental
model [96].

54. EnergyDense Foods
5.4.1. Energy-Dense Diets

Energy-dense diets are detrimental in regards to CKIL, as they promote the main
causes of CKD), obesity and diabetes mellitus. The least healthy choice consists of saturated
fats. However, reverse epidemiology in advanced CKD links mortality with low body
weight, so energy-dense diets may be helpful in preventing weight loss, often an indicator
of frailty, which is an important risk factor for falls and fractures. In a group of older pa-
tients with advanced CKD, Molinari et al. have demonstrated that frailty is assodated with
malnutrition-inflammation syndrome, underscoring the importance of addressing malnu-
trition in order to prevent the onset of frailty in this population [57]. However, returning to
its nephmotoxic potential, energy-dense food also has negative consequences on CKD-MBD.
It induces decreased absorption and activation of vitamin D), hyperphosphatemia, high
levels of FGF23, low levels of Klotho, and, eventually, renal osteodystrophy. Furthermore,
obesity is a proinflammatory factor, promoting the progression of CKI? and musculoskele-
tal disease. The implementation of caloric restriction with or without aerobic exercise is
feasible and can improve body weight, as well as reduce fat mass and proinflammatory and
oidative stress [98]. We should be awame that dietary recommendations on energy intake
should be different according to age, gender and physical activity, targeting an ideal body
mass index (BMI)/waist-to-height ratio to be achieved through nutrition [34,47]. The latest
KDIGO guideline on CKD management recommends a minimum of 150 min of moderate
exercise to supplement the effects of nutrition [34]. Still, not all fat is bad.
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54.2. Omega-3 Fatty Acids

(Ormega-3 fatty acids are polyunsaturated fatty acids (FUFAs), the active ingredients
of vily fish, with important benefits for general health. An analysis of the NHANES
cohort population proved a significant inverse relation between dietary omega-3 intake
and all-cause mortality in patients with CEI [%9]. Omega-3 fatty acids improve bone
quality by promoting bone mineralization and preventing bone decay [100]. Alternative
sources can be seafood, sesame, pumpkin chia or flax seeds. Recently an original study
demonstrated the causal beneficial effect of PUFAs on BMD and fracture risk [101]. The
influence of omega-3 fatty acids on skeletal muscle protein metabolism and mitochondrial
bicenergetics was demonstrated through muscle biopsies [102]. Liu et al. analyzed data
from SB8Y participants from the NHANES cohort and tested the relationship between the
presence of osteopenia or osteoporosis based on BMD scores and dietary omega-3 intake.
This study displayed a significant cormelation between low dietary omega-3 fatty acid intake
and high osteoporosis risk, suggesting that omega-3s play a crucial role in bone health.
These findings are exciting, but patients with chronic renal failure were excluded from this
study [103].

5.4.3. Olive (il

Oive oil has been found to improve bone quality, by increasing alkaline phosphatase
activity and bone mineralization through its content in hydroxytyrosol. This is a phenolic
compound that has antioxidant, anti-inflammatory and anticsteoporotic properties. (lives
and olive oil favor maturation of ostecblastic cells and prevent the loss of bone mass
induced by inflammation and CKD [43,104].

5.4.4. Nuts

Some specific nuts, such as walnuts, pecan and pistachios, have a high content of
omega-3 PUFAs. Nut consumption is another source of healthy fats, with valuable effects
on CKD and mortality in the United States [105].

5.5 Antiovidant and Anfi-Inflammatory Foods

Creidative stress and abnormal osteocyte apoptosis ane often related to dysregula-
tion of bone turnover, and so vegetables or fruits with high antioxidant potential may
play an important role in the prevention of chronic bone loss. An exciting new subfield
of nutrition addresses antioxidant and anti-inflammatory foods. These amre also called
antiaging, senolytic, functional foods or superfoods. Redox signaling and inflammatory
pathways play important roles in CKID-associated cachexia, sarcopenia and osteoporosis
pathogeny [106]. Antiowidant depletion has been involved in chronic diseases and abnor-
mal bone remodeling, which are signs of osteoporosis [107]. Exerdise capacity in sheletal
muscle is positively correlated with mitochondrial function, which is mainly controlled by
mitochondrial biosynthesis and degradation Therefore, in natural antioxidants lie great
potential to reduce inflammation, coddative stress and to prevent CKD-MBD [108].

5.5.1. Dhets Rich in Berries

Diets rich in berries, especially blueberries or bilberries, which contain a large number
of phytochemicals, also provide health benefits. The most prominent of these phytochemi-
cals, termed anthooyanidins, have potent anti-inflammatory and anticecidant effects. Data
suggests that blueberries might inhibit osteoclastogenesis in model mice and so could also
be wseful for the prevention of bone loss and osteoporosis. Delphinidin, one of the major
anthooyaniding, prevents bone loss through the inhibition of excessive osteoclastogenesis in
osteoporosis model mice [109]. Blueberry juice protects osteocytes and bone precursor cells
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against oxidative stress, partly through the activation of SIRT1; reduced SIET1 expression
has been associated with osteoporotic hip fracture [110]. Various berries (blueberry, cran-
berry, raspberry, and strawberry) could possibly improve the uremic condition by reducing
the levels of uremic toxins via modulation of the gut microbiota and, consequently, protect
from bome and muscle loss [111].

5.5.2. Resveratrol Is a Poly phenol

Resveratrol is a polyphenol found in grape skins, blueberries, cocoa, and peanuts and
has proven efficacy in reducing reactive oooygen and nitrogen species. Theme is evidence
in fawor of grape-based food supplementation to prevent the development of CKIY [112].
It can contribute to bone restructuring through enhancing osteogenic differentiation and
mitochondrial biogenesis from human periosteum-derived mesenchymal stem cells [113].
Murillo-Crrtiz et al. conducted a study on 40 HD patients to test the effects of resveratrol
and curcumin supplementation on the recovery of bone and muscle mass and protein
mxidation, lipid peroxidation and iron overload. Curcumin is a polyphenolic compound
and has been reported to have potential benefits for oxidative stress and inflammatory
disease; it has the potential to prevent muscle damage and to increase ostecblast survival
by downregulating nuclear factor KB. They proved that gain of bone and muscle mass was
possible with combined supplementation with curcumin and resveratrol for 12 weeks [114]
(Table 1). A recent study evaluated the effect of polyphenols on physical performance
and body composition of 40 sarcopenic CKID patients. The authors used functional bars
based on fruit, vegetables, extra virgin olive oil, micronized grape pomace, grape seeds
and olive keaf powder derived from the recovery of waste from agri-food supply chains
combined with adapted physical activity for 12 weeks. These ingredients werne selected to
evaluate the possible positive effects of foods rich in polyphenals in patients with CED.
This combination was helpful to counteract several CKD-related complications, such as
arterial hypertension and uremic sarcopenia, and improve the CKIDY patients” quality of
life [115] (Table 1).

5.5.3. Sulforaphane

Sulforaphane is a bioactive compound present in cruciferous vegetables and several
beneficial functions have been observed in CKD. Extensive literatume has shown that the
main route of action is activation of the transcription nuckear factor erythroid 2 (Nrf2),
which has a key role in the antioxidant response. As a mesult, sulforaphane protects against
mitochondrial damage and helps normalize the gut microbiota [116]

554 lycopene

Lycopene is one of the most powerful antionidants in the diet. The Framingham
Osteoporosis Study has demonstrated a positive assodation between the intake of by copene,
a phytonutrient of the carotenoid family, and increased BMIDY in lumbar vertebrae, in
addition to a lower risk of non-vertebral and hip fractures at 4 years [117]. A small
study evaluated the effects of lycopene and calcifediol on CKD-MBD through alkaline
phosphatase, PTH, as surrogate bone markers and on oxidative stress. Tomato-derived
lycopene decreased cholesterel coddation products and, in association with daily caldfediol
leads to normalization of alkaline phosphatase and PTH in elderly CKID patients, suggesting
preventive effects on bone disorders [118].

Mounting evidene in support of anticxidant and anti-inflammatory nutrition in CKD
leads to know ledge that can provide the foundation for the prevention of musculoskeletal
disorders [7,11%,120]. In a recent cross-sectional study on 2565 CKD participants from
MNHAMES, dietary inflammatory potential was positively associated with sarcopenia in
patients with CKD. The dietary inflammatory potential was calculated by the dietary in-
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flammation index score based on dietary recall interviews, and sarcopenia was assessed by
low skeletal muscle mass measured by dual-energy X-ray absorptiometry. The prevalence
of sarcopenia was 19.11% of patients with CKD [121].

5.5.5. Brazil Nuts

Brazil nuts are an important source of selenium, which is an essential nutrient involved
in bone metabolism [95]. The role in osseous remodeling is linked with a decrease in
pro-inflammatory cytokine activity and direct action on osteoblasts, as the expression
of selenoproteins [122]. A recent meta-analysis demonstrated that selenium intake is
associated with higher BMD and a lower risk of osteoporosis and hip fracture [123].

5.5.6. Glutathione

Additionally, including foods naturally high in glutathione, like avocados, spinach,
okra, and asparagus, may help decrease oxidative stress. Glutathione is one of the body’s
potent antioxidants. Several human and animal studies have found that eating sulfur-rich
vegetables may reduce oxidative stress by increasing glutathione levels. Sulfur is required
for the synthesis of glutathione, and the main sources are animal proteins and cruciferous
vegetables like broccoli, Brussels sprouts, cauliflower and kale or allium vegetables like
garlic and onions. Selenium is an essential mineral and a glutathione cofactor, the best
sources being meats, cottage cheese and Brazil nuts. Nrf2, a transcription factor activated
by oxidative stress, plays a crucial role in protecting against the harmful effects of excessive
free radicals. Deletion of Nrf2 in osteoblasts results in significantly increased reactive
oxygen species production due to lower glutathione levels [85].

Food has the potential to become an elixir for good and functional living in CKD, if
used correctly and early in the course of the disease (Figure 2). Nephrologists should indi-
vidualize dietary intervention to control osteoporosis, sarcopenia and renal osteodystrophy,
according to co-morbidities and personal risk factors.

“PUFAS; Fatty fish
Oﬁve oil; Nuts

Figure 2. Nutritional intervention, bones and muscles in CKD.
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The publication of the newest controversial conference on CKD-MBD conclusions
emphasizes the importance of bone complications and proposes two clinical syndromes:
CKDrassociated osteoporosis, encompassing increased fractume risk in patients with CKID,
and CEIrassociated cardiovascular disease, including vascular calcification [124].

6. Conclusions

Musculoskeletal disorders are increasingly more prevalent as CED progresses to
more advanced stages. There is a global recognition of the importance of preventing
and mitigating CKD-MBD, osteoporosis and sarcopenia in the CKIDY population given
the goal of extending a life with quality and without fractures, frailty or hospitalization.
Them is an increasing mumber of health professionals stating that the management of CKD
should emphasize the role of diet. Traditional renal diets became questionable, as new
evidence points to the benefits of nutrients that were previously restricted. This review
highlights the urgent need for intensive efforts to improve lifestyle quality as a strategy for
preventing and diminishing the burden of CKD-MBD, as we aim to have less disabled CKD
persons with renal osteodystrophy. In future studies, it should be confirmed whether a
specific nutritional intervention may prevent deterioration in bone strength and sarcopenia
in the CKD population. Vitality is a goal for people with CKI? and it is achievable, as
there is evidence that food may act as a geroprotector and may modulate bone and muscle
functionality. Using tailored precision nutrition approaches with or without other benefidal
strategies may help prevent and treat CKD-MBD and ostecsarcopenia
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Abstract Vascular caleification (ViC) is a consequence of diremic kidney disease (CKD) which is of
paramount importance regarding the survival of CKD patients. VO is far from being controlled with
actual medication; as a resull, in recent years, diet modulation has become more compelling. The
concept of medical nubritional therapy points out the idea that food may prevent or teal diseases.
The aim of this review was to evaluate the influence of food habits and nutritional intervention in
the occurrence and progression of VIO in CKDL Evidence peports the harmfulness of ultra-processed
food, focd additives, and animal-based proteins due o the ncreased intake of hagh absorbable
phosphorus, the scarcity of fbers, and the increased production of uremic toxins. Available data ane
miore supportive of a plant-dominant diet, especially for the impact on gut microbicta composition,
which varies significantly depending on VC presence. Magnesium has been shown o prevent VC
but only in experimental and small dindcal studies. Vitamin K has deawn considerable attention
due to its activation of VC inhibitors, Thene afe positive studies; unfortunately, secent trials failed to
prove its efficacy in preventing ViC. Future research is needed and should aim to transform foed into
a medical intervention o eliminate VC danger im CKI

Keywords: food; nutrition; lifestyle; vascular caleification; chromic kidney disease

1. Introduction

Chronic kidney disease (CKID) is an emerging public health priority associated with
high mortality rates and demanding complex management, including lifestyle changes,
medications, and, sometimes, renal replacement therapy. Due to its very high prevalence
in over 10% of the general population, CKD has a heavy social and financial burdens [1].
Above all other effects, CKID produces a significant negative impact on patients" lives,
leading to complications that affect their quality and becoming life-threatening over time.
Omne of the most important, yet unsolved, complications is chronic kidney disease—mineral
and bone disorder (CKD-MBDY) [2-4]. As CKD progresses, cardiovascular and osteo-
articular complications occur and may have different impacts on patients” quality of life.
CEDMBD leads to a multitude of symptoms, including decreased function and social
roles, depression, and a shorter life span [4,5]. Vascular calcification (VC) is the main
abnormality from the complex CKID-MBIY in terms of associated cardiovascular morbidity
and mortality [23,6] The goals of management in different stages of CKD are to slow
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the progression of kidney disease, to postpone the need for replacement therapy, and to
control complications, such as hyperkalemia, metabolic acidosis, inflammation, protein
malnutrition, anemia, high blood pressure, and mineral and bone disorders, which ane
particularly important for chronic management [1].

Attrdnstion §07 BY) Lo thitpse Food and drug intake may sometimes have a poisonouseffect on the kidneys; therefore,
carativerommens ofgf ieenses/by/ @ large number of patients with kidney failure have reached a point of no return due to
Aoy their everyday life choices. Lifestyle impacts epigenetics, body composition, and function,
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so people will eventually develop CKD if their habits are harmful. In the most prominent
diseases of this century, including diabetes mellitus, hypertension, cardicvascular diseases,
and cancer, studies have been carried out and have proven that different environmental
factors contribute to each of these diseases” pathogeny [7,6] Type 2 diabetes mellitus
is associated with a diet that is rich in sweets, soft drinks, snacks, nuggets, and other
ultra-processed foods [7]; hypertension has a strong connection with salt intake [4]; and
cardiovascular diseases have strong connections with fatty foods. And, as is well known,
the above-mentioned illnesses ane the main causes of CKD. The ageing process itself is
associated with common “burden of lifestyle™ diseases, which include CKD. Interestingly,
aging and CED share important features; CKD is a condition which leads to an increased
biological age [10], and CKIDMBD raises its invalidity rate and death toll [11]. We live in
times of increasing awareness of the potential of meals to damage health Consequently, a
useful idea that has captured public attention is that food may become a tool to prevent
or treat diseases and might be considered as medicine. This idea was conceptualized as
medical nutritional therapy [12] or food as medicine [13,14]. W hen properly used, food
may heal and may slow down and alleviate disease. Besides all of these well-known factors,
different dietary patterns may be important influencers for chronic diseases, including CKD
and its main chronic complication, CKD-MBD. Energy and action define everyone's way
of living; themefore, smart choices must be made regarding food as energy supply based
on valid scientific data. There is hope that lifestyle changes will slow or stop CKD-MED
features and prevent or even lead to regression in VC [15-17]. Clear knowledge about
what to eat, how much to eat, and in what combination is necessary for patients with
CEKD-MBD [15]. Medical nutrition therapy (MMT) is an evidence-based process aiming to
treat or manage a disease through nutrition. Its components are comprehensive and include
the evaluation of nutritional status, intervention in diets, and nutrition therapies [12].

In this study, we aim to provide a comprehensive review of the effects of diet on VC
as a part of the CKD-MBD spectrum that is known to be associated with severe clinical
outcomes in patients with CED. We will present the curment state of this research field by
review ing the key publications from mcent years, and we will highlight controversial and

diverging hy potheses regarding this approach
2. Vascular Calcification in CKD

CKD is characterized by features of accelerated ageing, such as increased levels
of cellular senescence, and epigenetic modifications, such as telomere attrition, arterial
calcification, osteoporosis, sarcopenia, frailty, and depression [11]. According to the KDIGO
guidelines, the term “chronic kidney disease—mineral and bone disorder (CED-MBD" isa
clinical syndrome which comprises mineral, bone, and calcific cardiovascular abnormalities
in CKI. It includes medifications of calcium, phosphorus, parathy roid hormone (FTH),
vitamin [, bone metabolism, and vascular or other soft-tissue calcification [2,3]. CKD-MBD
is a consequence of CKID that has led to extended research and the development of a wide
variety of treatments; despite specialists” implications, it continues to produce a multitude
of symptoms and deleterious effects for the people who have it, including the following:
s Vascular caldification (VC) is a phenomenon involving the deposition of calcium and

phosphorus within the layers of the arteries. Medial calcification, which presents as

rail-train deposits along the vasculature, is particularly prevalent in patients suffering
from CKD, but it is associated with aging and diabetes mellitus, too. It mainly affects
the aorta and peripheral arteries. The deposition of mineral content within the media
is preceded by phenotypic changes in vascular smooth muscle cells (VSMCs) and
leads to arterial stiffness, significantly contributing to heart failure and increased
cardiovascular morbidity. The accumulation of uremic toxins, the imbalance of calcium
and phosphate, and a lack of calcification inhibitors have been implicated in the
pathogenesis of calcification.

#  Intimal calcification displays a patchy distribution pattern and preferentially affects
the coronary and carotid arteries. It is part of the atherosclerosis process. In patients
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with dyslipidemia and hy pertension and smokers, atherosclerotic plaques occur as a
consequence of inflammation and endothelial damage. It is common to find both types
of calcifications in CKD} patients. Accumulation of mineral content in atherosclerotic
plaques may increase the risk of ischemic events such as stroke, ischemic coronary
syndromes, or ischemic arteriopathy of the lower limbs [15,19].

s Other ectopic extraskeletal calcifications may occur. Valvular calcification is highly
prevalent in CKD patients, contributing to chronic heart failure; calcifications in the
joints can cause pain and functional impotence, and caldfications in the subcutaneous
tissue can lead to resistant pruritus

3. Food for CKD Patients

According to Global Burden of Disease Study, dietary risk factors are major contribu-
tors to millions of deaths, leading to higher mortality rates than well-known risk factors
such as smoking [20]. Lifestyle interventions, such as healthy nutritional habits, proved
to be effective in reducing cardiovascular risk factors in the general population [21]. High
intake of sodium and sugar and a low intake of whole grains, vegetables, and fruits can
cause type 2 diabetes mellitus, hypertension, cardiovascular disease, cancer, and CED [22].
A study conducted in the Metherlands on over 78,000 people with a follow-up of 3.6 years
revealed new evidence that ultra-processed food consumption leads to kidney function
decline [23]. An observational study from Brazil demonstrated that elderly patients on
hemaodialysis (HD) hawve a worse dietary quality and higher consumption of ultra-processed
food than elderly without CKID [24]. Some diets, as the DASH (Dietary Approaches to
Stop Hypertension) diet and Mediterranean diet, provided important evidence iegarding
efficacy in promoting health [25]; these diets especially involve the reduction in salt, fat, and
proessed food intake Tyson et al. demonstrated in CKD patients that the reduced-sodium
DASH diet is efficient in reducing blood pressure [26].

CKD people are constantly exposed to conditions that alter epigenetic regulation such
as tocins and shifts in dietary patterns. CKID-MBD leads to changes in DNA or histones,
which are heritable from one cell to its descendants [27]. Neytchew et al. compared dialysis
patients with transplant patients and controls and demonstrated that the uremic milieu
drives genome-wide methylation changes that are partially reversed with kidney failure
replacement therapy [28]. Studies have shown that different life variables, including
food choices, may lead to epigenomic reprogramming [27,2%]. Recent research of these
nutritional interventions in CKI patients with ¥C gives rise to the hope of finding solutions.

4. Phosphorus, Vitamin [, and Calcium and Vascular Calcification in CKD

In patients with CKI?, mineral disorders are associated with hyperparathyroidism,
menal ostecdystrophy, arterial calcification, and cardicvascular mortality [30,31]. CKD-MBD
is marked by high serum phosphate levels, low serum active vitamin [, and low serum
caldum levels.

Increased phosphate levels lead to WC and high cardiowvascular death. In their experi-
mental study, Turner et al. discovered that the arteries acutely deposit large amounts of
amorphous phosphate to control the elevation in the bloodstream, thereby altering the
systemnic disposition of phosphate; themefore, they identified the arteries as a participatory
mineral homenstatic organ [32]. Nephrologists encounter serious difficulties in controlling
phosphate levels, and phosphate impacts the CKD-MBD patients’ prognosis, even when
receiving specific medication. Yet, the benefits of phosphate-lowering medication on ¥V,
arterial stiffness, and clinical outcomes in predialysis CKD stages emain uncertain [33,34].
Mevertheless, there is evidence in favor of phosphate lowering; a recent Japanese study has
proven that consistently strict phosphate control may slow the progression of coronary and
vahrular calcifications in incident patients undergoing HD (Table 1) [25].
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Table 1 The effects of food o vascular caleification in patients with CKD.

Article

Design Results

Shimizu 2023 [25]

Japanese study

d incident HI patients.
Phioaphate vels
CAL by CT scans

Consistently strict phesphate control may slow the progression of
comnary and vahrular cal dfications

Machado 2018 [55]

PROGREDIR study
73 nor-dialysis CKD patents
Food questionnaime

Emmar_y artery caldfication [CAC) b}r T
scamns

Increased intake of food rich in phosphors, caldum, and
magnesinm is assedated with CAC

Ter Braake 20119 [37]

Klothodeficent mice

High dietary Mg Mg prevents VC in Klothe deficency

Talari 2010 [25]

RCT
54 HI patients with disbeies

Decmease in inima—media thickness afier Mg supplementation
Mg mide or placsbo

Sakaguchi 2019 [39]

RCT of 96 nor-dialysis CKD patients
Mg mxide versus carbon adsorbent
CAL by CT scans
Follow-up 2 years

CAC score was significantly smaller in the Mg oxide group

Beessendarf M023 [40]

Magical-CKD stady
150 CED patients
Supplementation w.irr:.'-'l;:; for 12 months
CAC by CT scans

Mo effect on CAC

170 CE.ID patients and &2 healthy controls

Zhamg W23 [41] Blood zine levels Low zinc with moderate—sevens CAC and CIW events
CAC by CT scams
M 2013 42 Rats with adenine-induced chronic renal High d.i:t.:ry vitamin K1 moeased vitamin K tissue concentrabons
eabe 2013 52 failuare and warfasir-induced VO and blunsed the development of V C
RCT on 110 HIY patients. given
Fl Shi 2002 [43] supplements of vitamin B2, vitamin K1, Matrix Gla protein vels showed a significant inoreses in the

and plaebo

vitamin K2 group compared with vitamin K1 and placsbo groups
Matrix Gla protein kevels

Li 2017 [44]

100 HID patients

Used vitamin-K-enriched dialysate Demessed VI soones as the efiect of vitamin K

Haroon W23 [45]

Trevasc-HIE
RCT on 138 HD patienis; CAC scones

Mo effect on VI
Vitamin K2 supplementation

Levy-Schousboe 2021 [46]

Renakvit
RCT on 45 dialysis patients
Vitamin K or placebo for 2 years
Abdominal sortic clcfication

MNo difference in Vi

Hodden 2022 [47]

PACK-HD
BCT on B& HD patients
Vitamin K1 for 12 months

Mo difference in progression of coronary arbery calcification
Coronary artery calcium: scome

Kanai 20111 [45]

Warfarir-induosd medial arterial Decreased medial arterial calafication after omega-3 fatty acid

caldfication in a rat model suppkmentation
Nakamura 2007 [45] Hieosapentaenaic 20d in Klothe mutant Efrnsspentaencic acid limit Vi
Cross-sectional study
31 HD) patients Monounssturated fatty acid erythrocyte confent is significanthy
Son 2002 [50] Erythrocyie membrane conent of higher in HD) patients with arerial medial calcification of the feet
monounsxturated fatty adids thamn in those withowt calofications
Flain radiographs for WV
Am T-Ilmée Ee ic diet through f-hydroyb Vi CKT
o IR1 rumial studees togernic t 1, o yhutyrate suppresses n
Lan 022 [51] Ketare body f-hydronoybutyrate and ViC through downregulation of HDACS
in CKID) made!

Merine-Ribas 2022 [52]

Cross-sectional study
44 CKID patients on peritoneal diahysis
(P Differences in microbi ota between P patients with and without VO
Gut and blood microbiomes.
VC on plain radiographs

Wei 2023 [53]

CED Rats with Lj_rr-d.l.h{d.!' myvitamin D5
induced V. o

Lactobadlhes rhamniosus GG :uli.?lcm:nuworsm.ad. the VWV in
Lactobacillus rhamnosus.
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Table 1. Coni.
Articke Diesign Results
E?nqn—dia!.}r:isCKD patients . . ) .
5 i 2016 [54] F-c?:ld. ﬁ:ﬁ:ﬁmmﬂ H'::ewfl;yh:t Increased phartate intake w:]adnﬁn;;:-ld with less abdominal aorta
VC on plain radiographs
RCT
74 HD patients . e . . .
- P Slowed pro| ion of cardiov ascular calcification with

Raggi 20020 [55] Myc-inositol hexaphosphate proreElan o

Cardicvascular calcification on CT scan mryo-inasitel hevaphosphate

52 weeks
Lanw conients of Pmtim fiber and vitamin A and th condents of
Lata fom b;’;:f lipids and cafiine were assodated with abdominal aorta
L3 2023 [56] y - E - caldfication
]mrmfr‘h:m “n ?d.\:dlahry Dul:l]';p-un:m High adherence to the plant-based pattern was assocated with a
o plain radiograp lower risk of VIO
Besveratrol is a r for mamy free radicals and ameliorates
ford sCavenge

Thamg 2016 [57] Fesol Vi in CED

Fats with adenin-induced chronic renal
Chang 2017 [58] Falume. Quercetin everted a protective effect on VO

Jueraetin

Abbreviations: CKD, chronic kid:n.e}r chimmame; A, coronary artery calcification; HI, hﬂnndi.:ly:is: Mg, mag-
nesium; W, vascular @mldfotion; BCT, randomized control trial; HIDACS, histone d.-emel}rlm 9. NHANES,
Mational Health and Nutrition Examination Survey

In FROGREDIR study on non-dialysis CKI patients, Machado et al. demonstrated
that an increased intake of phosphorus- and calcium-rich food is associated with coronary
artery calcification (Table 1) [35].

Sources of phosphorus include meats, fish, poultry, dairy products, nuts, beans, and
ford additives. Animal foods and inorganic phosphorus from food additives and preser-
vatives have higher phosphorus absorption than plant foods; the industrial use of phos-
phate in additives used for ultra-processed food is strongly linked to cardiorenal disease
risk [5%,60]. An increasing number of specialists recommend a more plant-based diet to
control phosphate. Phosphate bioavailability is lower with a vegetarian diet compared to
a diet based on animal protein or processed foods and beverages. Many foods that have
traditionally been labeled high in phosphate (such as beans and nuts) may actually be
acceptable because phosphate from these sources is only partially and slowly absorbed.
The plant-derived phosphate found in unprocessed foods is in the form of phosphorus
phytate, and the human intestine does not secrete phytase, the enzyme required for ab-
sorption [60,61]. In addition, such a diet, rich in legumes, nuts, and whole grains, may
also result in higher fiber intake while offering wider food choices and preventing con-
stipation with better digestive phosphorus elimination [62,63]. These data highlight the
importance of phosphate bivavailability in different foods in CKD patients as a mediator of
cardiovascular risk.

In cases of severe and progressive secondary hyperparathyroidism, the 2017 KDIGO
guidelines mcommend the use of calcitriol and vitamin D analogs [3]. We have to be aware
of the potential double-edged sword effect of vitamin [, since both deficiency and excess
may be related to VC. While deficiency produces hy perparathyroidism and VC, treatment
with calcitriol and witamin [ analogs, even if reducing the FTH level, can lead to the
development of ¥ by increasing the intestinal absorption of calcium and phosphate [64].
The intake of food rich in vitamin [, such as ergocalciferol and cholecalciferol, can decrease
the required dose of active vitamin I3, thus mitigating the ¥ C risk associated with the latter.
Vitamin D2 {ergocalcifernl) and vitamin D2 {cholecalciferol) are recognized as fat-soluble
prohormones, having different sources. Part of vitamin I as a nutrient is synthesized by
the body through the action of sunlight, and some foods are fortified with the vitamin.
Yet, there are foods naturally rich in vitamin D, including salmon, herring mackerel,
sardines, mushrooms, cashews, and hazelnuts [22,65]. Well controlled studies are needed
to determine whether nutritional vitamin [ slows the rate of progression of V.
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5 Magnesium and Vascular Calcification in CKD

The capacity of magnesium to inhibit calcium phosphate crystallization has been well
documented in the context of VC. Magnesium effectively suppresses phosphate-induced
calcification of V5SMCs, as proved in different experiments [66]. Magnesium is known to
suppress the maturation of calciprotein particles, which may play a pirotal role in the
pathogenesis of VC. A high-magnesium diet prevented aortic caldfication in animal models
of CKDD, such as Klotho knockout mice [37] (Table 1).

Patients with diabetes and CKD on HD showed reduced carotid intima-media thick-
ness after magnesium supplementation, emphasizing a preventive role against VC [35].
Sakaguchi conducted a randomized trial comparing magnesium oxide and oral carbon
adsorbent in predialysis CKD patients with coronary artery calcifications. The study proved
the efficacy of magnesium to prevent coronary artery calcification progression [39] (Table 1).

A systematic review analyzed prospective dinical trials testing interventions to attenu-
ate ¥ C in people with CKD. It concluded that, in general, data are insufficient or conflicting,
yet magnesium appears to be one of the few promising therapies [67].

The more recent Magical-CKD trial failed to demonstrate an improvement of coronary
artery calcification progression after magnesium supplementation [40] (Table 1). Neverthe-
less, magnesium is one of the few nutritional elements with supportive data in terms of ¥C
protection. Hypomagnesemia is not rare in patients with CKD, and several causes can be
identified; the dietary restriction of potassium limits the intake of magnesium, and diumetics
are known to enhance its urinary excretion. Almonds, peanuts, cashew, and spinach ane
foods rich in magnesium; these can be a good source especially in patients with low serum
magnesium levels.

£inc is considered an essential nutrient, having mumerous benefits for health. A recent
study demonstrated associations of low blood zine levels with coronary artery calcification
and future cardiovascular events in CKI) patients. Good sources of zine include seafood,
meat, nuts, whole grains, and dairy products, which are recommended to avoid a zinc
deficit [41].

6. Vitamin K and Vascular Calcification in CKD

There is a close relationship between vitamin K and biomineralization. Vitamin K
enables normal calcification proesses in bones and soft tissues. This role is assodated with
vitamin-K-dependent proteins, including osteocalcin, matrix y-carboogyglutamic acid (Gla)y
protein, and growth arrest specific & (Gasé). Matrix Gla protein, a vitamin K-dependent
protein produced by WSMCs, is a powerful inhibitor of VC in culture cells with medial
and intimal calcification. In view of the key role played by vitamin K, it is not surprising
that patients with vitamin K deficiency and those who are using long-term anticoagulant
therapy with vitamin K antagonists are prone to develop VC. There are two types of
vitamin K. Vitamin K1 (phylloguinone) is found primarily in foods, especially plant-based
oils, green vegetables (e.g, broccoli, spinach, and cabbage), and cow's milk. The forms of
vitamin K2 {menaquinones) are produced by bacteria, being found in meat, dairy products,
and fermented foods, and are also synthesized in the intestine by colonic bacteria [65]
(Figure 1).

MoCabe et al studied rats with adenine-induced chronic renal failure and showed
that administration of a high dose of vitamin K protected against the development of
warfarin-induced calcification [42] (Table 1).

In a study on HD patients, the levels of matrix Gla proteins displayed a significant in-
arease in patients receiving vitamin K2 compared with vitamin K1 and placebo groups [43].

A study on HI} patients from China demonstrated that the VIC scores decreased asan
effect of a vitamin-K-enriched dialysate [44].
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Figure 1. Food and vascular calcification (VO in chronic kidney disease (CKD). Green armows nefer
to a protective effect of the nutritional components against VC and red arrows indicake favorable
VC development.

Recently, a few randomized controlled trials weme designed to test the anticalcification
properties of vitamin K Trevasc-HDK failed to prove that vitamin K2 can reduce progres-
sion of coronary artery calcification in HDY patients [45]. The conclusion of Renakxit, a
double-blind, randomized, placebo-controlled trial, was that vitamin K supplementation
does not modify the progression of arterial calcification in dialysis [46]. Similar results
were reported by the iPACK-HID trial; there was improvement in vitamin K levels but no
significant modification of VC progression [47] (Table 1).

In conclusion, vitamin K had no consistent benefit in VC reduction in CKID patients.
Vitamin K1 showed better efficacy in correcting vitamin K status, and it had very positive
mesults in experimental studies as a protector against VC. Further dinical studies are needed
to shed light on the effect of vitamin K supplementation on arterial health, mostly because
there is hope from experimental studies,

Fegarding the effects of other vitamins, vitamin E has proven anti-atherogenic and
antioxidant attributes, which have been correlated with improved cardiovascoular outcomes.
Wheat germ oil, sunflower seeds, and avocado have an increased content of witamin E [69].
A recent study on non-dialysis CKI? patients suggested that a higher intake of vitamin B3
{pantothenic acid) may have a small protective effect on coronary calcification [3£].

7. Lipids and Vascular Calcification in CKD

Dyslipidemia plays a pivotal role in arterial intima calcification. Among the risk
factors for atherosclerosis, cholesteral and lipid deposition are stronghy associated with
plagque formation and calcification. Clinical trials imvolving HMG-CoA reductase inhibitors
showed good efficacy in reducing lipid levels and cardiovascular risk yet could not con-
sistently demonstrate attenuation of VC [67]. KDOOQI guidelines for nutrition in CKD
highlight the importance of food choices and suggest that prescribing a Mediterranean diet
may improve lipid profiles in adults with CKIY 1-5 not on dialysis, having dyslipidemia or
not. Prescribing increased fruit, legume, and vegetable intake may decrease body weight
and blood pressure in CKID 1-4 patients [F0].
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Omega-3 polyunsaturated fatty acids (FUFAs), particularly eicosapentaenoic acid and
docosahexaenoic acid, are part of a class of lipids with various biological functions. They
reduce inflammation and atherogenesis, and, as a mesult, they can decrease the cardiovas-
cular mortality [71]. Omega-3 PUEAs are used as medication for hy pertriglyceridemia in
patients with CKD. They are also a component of food, being present in fish oil; in a variety
of microorganisms, including bacteria and marine microalgae; and in plant sources, such as
flaxseeds, chia, and walnuts [72] (Figume 1). When it comes to mortality and cardiovascular
disease, the cument KON guidelines in nutrition do not routinely recommend PUFA
supplementation, even if it is acknowledged that lipid profile will be improved [69]. Several
studies have investigated FUFAs" effects in CKD; FUFAs increase the membrane potential
and ATP levels in mitochondria with a protective effect on the kidneys and arteries. A
recent study demonstrated that maslinic acid can reduce renal interstitial fibrosis and can
prevent CKD} progression and complications [73]. Interestingly, randomized controlled
trials comparing the effect of omega-3 FUFA supplementation with placebo have shown
significant relief of uremic pruritus, which is associated with CKD-MBD [74].

Experimental studies documented a preventive role of omega-3 fatty acids in patho-
logical calcification, leading to decreased warfarin-induced medial arterial calcification in
a rat model [64] (Table 1). It has been reported that patients with CKID have low serum
expression of Klotho, which has been proved to be an arterial calcification inhibitor [75].
Makamura et al. has shown that eicosapentaencic acid can limit arterial calcification in
Klotho mutant mice [45] (Table 1). A recent large study demonstrated an association of
higher plasma levels of omega-3 PUFA s with an increased arterial elasticity [76].

Monounsaturated fatty acids are known to have deleterious effects on health (Figure 1)
As opposed to PUFAs" protective attributes, Son et al. demonstrated that the enythrocyte
membrane content of monounsaturated fatty acids is significantly higher in HTY patients
with arterial medial calcification of the feet than in the patients without calcifications [50].

The ketogenic diet, which consists of a limited intake of carbohydrates and a liberal
intake of fats, has recently attracted considerable interest. It is proven as an efficient inter-
vention in controlling type 2 diabetes mellitus [77] and in slowing renal oyst growth [78];
therefore, patients with diabetic kidney disease and autosomal-dominant poly cystic kid-
ney disease may derive benefits from this diet, including a delay in progression and,
eventually, in the complications rate [79]. It may cause a rise in cholesterol levels, so,
when adopted, it should be accompanied by close monitoring and treatment for dys-
lipidemia [77] Dietary modulation can increase and maintain circulating ketone bodies,
espedially p-hydroxybutyrate (f-HB), which is one of the most abundant ketone bodies in
human circulation [80]. A very important finding was reported by Lanet al.; the ketone
body B-hydroybutyrate (BHB) produced in the ketogenic diet has been demonstrated to
suppress ¥ C in CKD through downregulation of HDACY [51] (Table 1)

Intermittent fasting, as a model of caloric restriction, has broad-spectrum benefits for
many health conditions, such as atherosclerosis, cardiowascular disease, and obesity, as
preclinical studies and clinical trials have shown [51]; as far as the impact on ¥VC, it remains
a topic for future studies.

&. Uremic Toxins, Microbiota, Fibers, and Vascular Calcification in CKD

Accumulation of various uremic toxins, including inorganic phosphate (Pi), inter-
leukins (IL-1[, IL-6), tumor necrosis factor alpha (TNFa), and indoxy b sulfate, have been
linked to VC. I induces the upregulation of several osteoblast-like transition molecules
like BMI'2 (bone morphogenetic protein 2), RUNX2 (Runt-related transcription factor 2),
and osteopontin that initiate the pro-calcifying trans-differentiation of VSMCs. Indoxyl-
sulfate stimulates transforming growth factor beta (TGFR) expression and medial layer
hyperplasia. Uremic toxins act on endothelial cells to induce vasoconstriction, upregulation
of extracellular matrix degradation molecules such as matrix metalloproteinases 2 and 9,
and oxidative stress. Calcium and Pi deposition in the form of hydrowgrapatite crystals
induces medial VC [82].
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The load of uremic toxins can be reduced through dialysis, yet their production is
influenced by dietary habits, mostly important in pre-dialysis stages. Some foods ane
sources for protein-bound uremic toxins (e.g., indoxyl sulphate ). These are by-products of
aromatic amino acids (phenylalanine, tryptophan, and tyrosine) from protein disintegration
by gut microbiota [83] Colonic bacteria transform tryptophan to indol, which, through
axidation and sulfation in the liver, will lead to indoxyl sulphate formation. Rodrigues et al.
have similarly explained the pathophysiology of the interplay between gut microbiota,
bone health, and VIC in CKD [84]. Interesting results come from studies investigating the
influence of different dietary habits on the uremic gut microbiota. Merino-Ribas et al. found
differences in the ty pe of microbiota of CKID on peritoneal dialysis with or without VC,
namely Coprobacter, Coprococous 3, Lactobacillus, and the Eubacterium eligens group in
the gut and Cutibacterium, Pajarcellobacter, Devosia, Hyphomicrobium, and Pelomonas
in the blood. These results may indicate a link between microbiota and VC in CKD pa-
tients on peritoneal dialysis [52] (Table 1). Such results from similar studies led to the
hypothesis that inflammation and gut dysbiosis are important drivers of CKD-MBD [55].
An association between dietary inflammatory index and cardiovascular disease and mor-
tality was recently proven [B&]. 4 study identified an association of the proatherogenic
metabolite trimethylamine N-oxide (TMAOY), which increases due to gut dyshiosis, with
cardiovascular outcomes in HD patients [57].

Lactobacillus thamnosus (GG is a probiotic with great promise in bone formation, but
an experimental study recently proved an association with worsening of VC in CKID [53]
(Table 1).

Fiber intake is an important health promoter in the general population. In their
recent study, conducted on over 380 Korean patients with CED, Kwon et al. eported an
inverse association between dietary fiber intake and all-canse mortality at 10 years in CKD
patients [BS]. Higher fiber intake was associated with less inflammation, less myocardial
hypertrophy, and lower risk of cardiovascular events in dialysis patients [52]. Fibers ame
needed for the effective absorption of nutrients. Fibers demonstrated salutary benefits,
including improved ghreemic and lipid control, blood pressure, gastrointestinal motility,
and gut microbiota composition [#0]. In a study published on HD patients, increased
dietary fiber intake led to the reduction in indoxyl sulphate levels by 29% [91].

Adequate consumption of phytate (containing myo-inositol hexaphosphate) can pre-
vent abdominal aortic calcification in patients with CKID [54]. The phytate comes from
whole-grain cereals, bran, and lentils. Muts are also a good source of antioxidants and
dietary fiber (Figure 1). The Calipso trial demonstrated the effect of myo-inositol hexaphos-
phate in slowing progression of cardiovascular calcification in patients on HD [55] as
additional evidence for the usefulness of this component of fibers (Table 1).

Finding the balance in gut microbiota and regulating microbiota-derived metabolites
by dietary intervention and probiotics are new targets for the improvement of the gut—
kidney-arteries axis, which indicates innowvative inferventions of ¥C in CED [16,92].

9, Profein Intake and Vascular Calcification in CKD

The foundation of nutrition intervention in CKD'was laid for decades on a low-protein
diet to slow progression and on restriction of plant foods, such as vegetables and fruits,
to prevent hyperkalemia. Lately, this paradigm has changed, and the plant-dominant
low-protein {(FLATY) diets seem to have become a better choice for patients with CKD [21].
In a sub-analysis of the NHANES Il study on 14,000 participants patients with a glomerular
filtration rate < 60 mL,/min, a diet with a higher proportion of protein from plant sources
was associated with lower mortality, probably due to lower production of uremic toxins
and lower serum phosphorus levels [30]. The vegetarian diet or a reduced intake of red
meat has been associated with a reduction in the generation of uremic toxins [93-95]. Such
a diet is based on fruits, vegetables, seeds, nuts, tea, cocoa, and whobe- grain cereals [97].
Among plant-based foods, Brazil nuts seem to have important benefits in CKID, even in
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end-stage kidney disease patients, due to their contents of proteins, selenium, omega-3
fatty acids, and fibers [98,59] {Figure 1).

The DIET-HI study demonstrated for a large number on HI} patients that the highest
intake of fruit and vegetables had the lowest risk for all cause and cardiovascular mortal-
ity [100,101]. On the contrary, the CRIC study did not find a significant assodation between
higher diet scores and reduced risk for atherosclerosis or mortality [102] (Figure 1).

As for the risk of hyperkalemia, CKD patients have been advised for a long time to
reduce their intake of fruits, vegetables, and nuts. Nevertheless, we must be aware that
meat and ultra-processed food have a high content in potassium, with a high absorption
rate [103-109].

Muts have high content of phosphorus, which is one of the traditional nutrients
restricted in advanced CKID to avoid hyperphosphatemia [105], but the latest studies
demonstrated that non-animal protein does not kead to hyperphosphatemia, as previously
beliewed [105,110]

To identify dietary components associated with abdominal aorta calcification, data
from MHAMNES were employed in a cross-sectional study. Low contents of proteins, fiber
and witamin A, and high contents of lipids and caffeine exhibited an association with
abdominal aorta calcification. High adherence to the plant-based pattern was associated
with a lower risk of VIC, as a new and valuable result in favor of PLADO [109].

10. Binactive and Senolytic Food and Vascular Calcification in CKD

Bioactive and senolytic food has antioxidant and anti-inflammatory effects. Resvera-
trol, quercetin, curcumin, anthocyanins, and cruciferous and cocoa powder are part of this
category [56] (Table 1). Anthocyanins, present in purple fruits and vegetables, exert their
beneficial effects through improvements in oxidative stress, inflammation, gut microbiota,
and modulation of neuropeptides. Their health benefits in humans include protection of
the cardiovascular system and kidmeys, among others [111].

Resveratrol, a dietary polyphenol compound, has anti-inflammatory and antioxidative
properties [112]. Fecently, studies also showed that resveratrol is a scavenger for many free
radicals and ameliorates WC in CKIY [113].

Cocoa contains fatty acids and polyphenolic bioactives, with proanthocy anidins being
the most abundant and methybanthine alkaloids. Dark chocolate led to a reduction in
TMFx and no change in potassium and phosphorus plasma levels. These are the results of
a clinical trial of 2 months on HD patients [57] (Table 1).

Blueberry, cranberry, raspberry, and strawberry are modulators of the gut microbiota
and a target for treatment of gut dysbiosis in CKD [114] (Figure 1)

Dhetary senolytics, such as quercetin (found in apples), fisetin (in strawberries), and
organosulphur compounds and flavonoeids (aged garlic) may be alternative approaches to
reduce cardicvascular risk in CKID [13,115]. Quercetin exerted a protective effect on ¥C in
adenine-induced chronic renal failure rats, possibly through the modulation of oxidative
stress [535] (Table 1)

Iron supplementation is highly recommended to improve cardiovascular function
in CKD, but it remains controversial when it comes to VC. Recent studies demonstrated
that iron targets some pathways of VC dependent on phosphorus-induced osteoblastic
transformation of VSMCs to calciproteins, apoptosis, and inflammation, since it is effective
both in prevention and when calcification is already established [116].

Selenium works as an antioxidant in the body by preventing vascular cell damage. In
a recent study, a higher dietary selenium intake was negatively associated with severe ab-
dominal aorta calcification incidence in CKID patients [117]. The selenium content of foods
can vary considerably depending on the geographic area; nuts, ats, seeds, mushrooms,
beans, and eggs can be good soumces.

As for all the benefits discovered in mentioned studies, the concept of food as medicine
for protecting the kidneys and heart and avoiding ¥ C in CKD patients seems to have moved
closer to reality [115].
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11. Conclusions

The search for eternal youth, as an emblem for health, is as old as mankind. But in the
case of the patients with CKD and VC, it is more of a struggle for life, a fight against many
deadly factors, because VC is strongly associated with cardiovascular mortality. Most of
the efforts are made to fix problems with a focus on the other end of the spectrum of CKD,
and yet medication failed to show consistent efficacy in preventing VC.

Food is essential for life; thus, prevention of VC in CKD through nutrition seems to be
the logical approach. High phosphorus absorption, high production of uremic toxins, and
gut dysbiosis are consequences of the increased intake of animal-based proteins, processed
food, salt, and sugar. Available research links all of the above with the presence of VC. A
diet involving vitamin K, magnesium, plant-based diets, fibers, omega 3 fatty acids, or
bioactive food appears to be the most promising in protecting against VC. These results
are based on experimental and relatively small clinical studies but still are not negligible.
Even though clinical trials on magnesium and vitamin K were not able to prove the efficacy
of the nutritional interventions in CKD patients with VC, the effects exist, and more
research needs to be conducted. Finding the best variants of meals may lead to reduced
VC incidence and progression and may allow eating to be transformed into a scientific act
and medical intervention with effective outcomes. Food is supplied for life, and data are
available to be discovered on the best nutrient choices to disrupt the vicious cycle of the
gut-kidney-arteries axis and prevent cardiovascular calcification in the CKD population.
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Abstract: Background. The study goal was to assess the mortality effect of carotid vascular
calcifications (WC), of fibroblast growth factor 23 (FGF-23), mineral markers, and comorbidi-
ties in hemodialysis (HDY) patients. Methods. The influence of carotid ¥C severity, FGF-23,
laboratory markers, clinical features, and comorbidities on mortality was analyzed ina
cohort of 88 HD patients. The follow-up pericd lasted 8 years. The cut-off value for carotid
VC was 4 for all-cause and cardiovascular mortality. Results. Carotid VIO, diabetes, low
serum albumin, high serum C-reactive protein (CRF), and the presence of cardiovascular
diseases ame associated with all-cause and cardiowascular mortality. Carotid VIC scome
over 4 was an independent predictor of all-cause and cardiovascular mortality, along with
diabetes, low albumin, and high CRF. FGF-23 was not found to be predictable for the
study cutcomes. Conclusions. The study documented in a cohort of patients prevalent in
chronic HD that carotid VO predicts allcause and cardiovascular mortality at 8 years and
improves risk stratification, but FGF-23 is not associated with mortality, Other risk factors
for all-cause and cardiovascular mortality wene diabetes, inflammation, and malnutrition.
However, future efforts are needed to assess whether a risk-based approach, including VC
screening, improves survival

Keywords: carotid vasoular calcification; fibroblast growth factor 23; hemodialysis; all-cause
maortality; cardicwascular mortality

1. Introduction

Ohne can argue that people having end-stage renal disease (ESRD) are part of a priv-
ileged category compared with those with other vital organ failure, thanks to renal re-
placement therapies, which substantially prolong life. Nevertheless, it is estimated that
chronic kidney disease accounts globally for 5 to 10 million deaths annually, mainly due to
cardiovascular diseases [1]. However, there is a great need for improvement regarding the
litespan of these people. In 2016, chronic kidney disease was the sixteenth leading cause
of years of lite lost worldwide, and it is expected to be the fifth leading cause of years of
life lost worldwide by 2040 [1]. Cardiovascular events account for the primary cause of
maortality in hemodialysis (HIY) patients.

Vascular disease can have an important mortality effect on patients with ESRD, and
the risk for cardiovascular death is enhanced by the presence of athercsclerosis and vascular
calcification (V) [2]. Atherosclerosis is a complex and multifactorial process, characterized
by early asymptomatic formation of plaque in the arterial walls, silent plaque progression
and calcification that poses flow limitation, and risk of sudden thrombotic occlusion
associated with a high rate of fatal evolution [2,3]. The early detection and grading of ¥VC,
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or even better, of atherosclerotic plague, and assessing the predictive value are critically
important to prevent clinical consequences [3].

Vascular calcification (W) is an active process analogous to bone formation and
results not only from a passive deposition of calcium phosphate in the vessel walls but
also from the activation of osteogenesis [2,4]. The differentiation of vascular smooth
muscle cells inte osteoblast-like cells [4] results in the synthesis of a bone structure in
the arteries. Active inducers of VC in chronic kidney disease include hypercalcemia,
hyperphosphatemia, abnormal iFTH levels, FGF 23, uremic toxicity, and inflammation [5].
The loss of mineralization inhibitors such as Klotho, pyrophosphates, and matrix gla protein
leads to VC. Noteworthy are the systems of the osteoprotegerin (OPG)/RANK/ RANK
ligand complex and Wnt signaling pathway inhibitors such as sclerostin, which control
bone matrix formation, including in the case of VIC [4]. Besides classical risk factors for
cardiovascular events, such as diabetes, dyslipidemia, and hypertension, kidney disease-
specific risk factors, such as anemia, fluid overload, and chronic kidney disease—mineral
bone disorders (CKD-MBDY) contribute to this high mortality risk [5,6].

Extrashe letal calcifications represent the mineralization of the extracellular matrix.
It is a condition frequently observed in the HD patient population, the main site for
abnormal calcium salt deposition being the arteries [47]. The mechanisms underlying the
pathogenesis of VC are complex, imvolving factors that fadilitate or impede the development
of caldfication. Ongoing research has detected VC to be a cell mediated process and a result
of the combination of pro-calcifying stimuli and impairment of inhibiting mechanisms [7].
Intimal calcification complicating atherosclerosis and medial calcification are both possible
consequences of ESRD that can occur simultaneously [8]. Endothelial cells exposed to
various pro-calrification factors ame injured, and they easily become prone to VIC. Extended
mesearch brought evidence in favor of the pathogenetic pathway of WV, explained by the fact
that endothelial cells are not simple bystanders, being able to undergo a phenotypic switch
and become bone progenitor aells to promote caldfication [¥]. The crosstalk between vessels
and bone is a continuum in VC occurrence, with all the above-mentioned factors acting on
arteries and bones consecutively [10]. Arterial calcification and elevated FGF-23 levels may
be significantly involved in the development of heart conditions such as left ventricular
hypertrophy, coronary ischemic disease, and consequent congestive heart failure in chronic
kidney disease, predisposing factors for early cardiovascular death [11].

The role of calcification inhibitors and regulators in the calcification process, as well
as their effect on vascular dysfunction and mortality in HDY patients, is not completely
understood.  Fibroblast growth factor 23 (FGF-23) is an important regulator of mineral
homeostasis [12] and is a drculating hormone primarily released by bone, produced in
osteocytes. Circulating FGF-23 stimulates urinary phosphate excretion and inhibits the
production of active 1,25 dihydroxy vitamin I [13]). Serum FGF-23 levels increase early
during chronic kidney disease progression before changes in other parameters of bone
and mineral metabolism. Several studies have reported that a higher kevel of FGF-23 is
associated with an increased risk of death in patients with ESED [14] or with other adverse
ocutcomes such as the progmression of diabetic nephropathy [15]. Mo consensus has been
obtained yet regarding the role of FGE-23 in the evolution of HD patients.

There are some theories that outcomes for ESRED patients are different according to
findings related to CKD-MBD, such as serum levels of FGF-23 and the presence or severity
of wascular calcifications; however, it is generally hypothesized that the benefits observed
with early interventions depend on how early risk is detected and addressed [11] Mome
importantly, there is currently no efficient treatment for VC, so understanding the impact
on outcome and prevention is crucial
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The primary aim of this study was to investigate the association between carotidal
atheroma VC, serum FGF-23 levels, and all-cause mortality in chronic HD patients. The
secondary goals were to investigate the causes of death and the impact of different demo-
graphical, clinical, and laboratory factors on all-cause and cardiovascular mortality.

2. Materials and Methods

This is a prospective, longitudinal, and analytical study. The study population con-
sisted of a group of 88 patients treated with chronic hemodialysis. Eligibility criteria: adult
patients over 18 years old, prevalent in dialysis, who accepted the study protocol. Exclusion
criteria: life expectancy less than 6 months, previous parathyroidectomy, previous renal
transplant, active infections. Demographic and clinical data (age, gender, HD vintage,
HD prescription, treatments with Ca-based phosphates (P) binders, sevelamer, and vi-
tamin D, presence of diabetes and hypertension, cardiovascular diseases). Laboratory
evaluation included serum calcium (Ca), inorganic phosphorus (inorganic P), alkaline phos-
phatase (ALP), intact parathyroid hormone (iPTH), bicarbonate, creatinine, hemoglobin
(Hb), ferritin, albumin, and C-reactive protein (CRP); fibroblast growth factor 23 (Human
FCGF-23; ELISA). Hemodialysis adequacy was presented using spKt/V and urea reduction
ratio (URR).

Ultrasound examinations have been performed on three segments of the carotid
arteries (bilateral): common carotid artery, bifurcation, and internal carotid artery. Real-
time and color Doppler sonography through longitudinal and transversal sections were
undertaken. Two exams assured the intra-observer reproducibility of this assessment; in
selected cases, a third examination was performed. Carotid vascular calcifications (VC)
were defined as patchy hyperechoic images with posterior shadows in the arterial walls,
representing calcified atheroma plaques. A VC score was counted ranging from 0 (no
calcification) to 6 (calcification of all artery sites examined from both sides); each examined

site received 1 point in this score (Figure 1).

Figure 1. Ultrasound examination. Common carotid artery calcification is the patchy hy perechoic
image with a posterior shadow in the arterial wall (red arrow).
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Cardiovascular diseases were registered and included ischemic heart disease, heart
failure, stroke, arrhythmia, aortic aneurysm, and peripheral artery disease.

All 88 included HIY patients had a standard HD schedule of 3 sessions of 4 h /week and
achieved a mean spKt/V of 1.53 & (.28, They had a mean age of 5968 + 14.49 years, and
a mean HD vintage of 59.61 £+ 5239 months. Forty-five were males (51.13%), 63 patients
{71.6%) had hypertension, 20 patients (22.72%) had diabetes mellitus, 54 patients (61.4%,)
had carotidal ¥C, and 25 patients (28 4%.) had cardiovascular diseases. The median FGF-23
was 43.5, ranging from 7.6 to 290.8 pg/ml. The patients” characteristics are described in
detail in our previous cross-sectional study [16].

The follow-up period lasted & years. This study recorded the mortality causes and
survival time. Mortality data were obtained from the dialysis center register. The cardiovas-
cular causes of death included myocardial infarction, heart failure, arrhy thmia, pulmonary
edema, stroke, aortic aneurysm, and peripheral artery disease. Factors with impact on
allcause and cardicwvascular death were analyzed.

Statistical Analysis

MNormally distributed data are presented as mean and standard deviation (513) and
skewed variables as median and interquartile range. Mormality was assessed using
Kolmogorov—Smirnow and Shapiro-Wilk tests. Categorical variables are shown as total
numbers and percentages. Comparison between groups was performed by the Chi-square
test, Fisher exact test, independent samples t-test, and Mann-Whitney test as appropriate.
Univariate and multivariate Cox proportional hazard models were used to estimate the
association between independent predictors and all-cause and cardiovascular mortality in
all patients. The multivariable model incuded potential confounders influencing mortality;
which became significant in univariate analysis. Cox proportional hazard models wene
used to estimate hazard ratios (HE) for the outcome of interest described above. The
receiver-operating characteristic (ROC) curve identified the cut-off value of carotidal ¥VC
that best-predicted all-cause and cardiovascular deaths. To visualize significant asscciations
between VC scome (=4 vs. >4) and mortality, Kaplan—Meier curves were generated; these
were compared by the log-rank test.

Statistical analyses were performed using SPSS version 25.0 (IBM, Armonk, NY, USA).
For all tests, a two-sided p-value < (.05 was regarded as statistically significant

3. Results

Death of all causes was recorded and analyzed. Inour study group, forty-nine patients
died (55.7%) for the entire follow-up period. Among all patients included in the study,
34 patients died due to cardiovascular causes (38.6%). Cardiovascular mortality was the
consequence of myocardial infarction in 8 patients, heart failure in 7 patients, arrhythmia
in 5 patients, pulmonary edema in 4 patients, stroke in 5 patients, and peripheral artery
disease in 5 patients. The other patients died due to infections (7 patients), neoplasia
(2 patients), sudden death {3 patients), or unknown cause (3 patients).

The patients were included in 2 categories, deceased and survivors, and compared
them. It resulted in a significant association between all-cause mortality and clder age,
male gender, mome severe carotidal VI, increased CRE, low albumin, presence of diabetes,
and cardiovascular diseases (Table 1).
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Table 1. Comparison bebseen the deceased and survivar groups.

Deceased (49 Patients) Survivors (39 Patients) P
Age (years) 63 (59-72) 56 (46—64) 0,003
HD vintage (moniths) 47 (2954 49 (29.5-58) {1628
Gender, males no. (%) 7 (55.1) 18 (46.2) (404
DHabetes, no. (%) 17 (34.7) 37.7) 0.003
HTN, no. (%) 38 (77.6) 25 (64.1) 0.165
FGF-23 (pg/mL) 4230 (23.10-72.70) 41.70 (20.95-70.90) 0,592
VI score 4(1-5) 0 {0-2) <001
URR 72.32 (69.57-79.45) 77.33 (69.63-80.65) 0.183
spKt/V 1.46(1.39-1.63) 1.58 (L40-1.68) (.183
Bicarbonate (mEq,/L) 24 (22.7-256) 22.9(20.5-24.6) (084
K []'.I'II':I:l_.'l]a:I 445 + (64 472 £ (0.55 (.0&7
Ca {mg_."dl.] 009 + 65 9.7 £ 0.67 K.
P {mg/dL) 434+ 110 17 +1.5 (.477
ALP (U/L) 78,68 (64.1399.56) 6775 (4522-103.54) 0.957
iPTH (pg/mL) 212.25 (144.75-547.65) 2734 (160.95-538) 0,332
Hb (g/dL) 113 (106-12) 11.4(10.5-12.35) (L.072
Ferritin (ng/mL) 49851 [303.45-791.35) 58422 (400.45-816.45) 0.784
CRP (mg/dL) 080 {0.35-2.02) (.47 ((128-1.04) 0.035
Albumin (g/dL) 375 (3.57-3.94) 3.96 (3804 08) 0.005
Creatinine (mg,/dL) B20 + 198 B73 £ 253 (.265
Ca in HD solution 1.5 (1.25-1.5) 15(1251.5) 0,854
Treatment with Ca salts, no. (%) 30 (61.2) 17 (43.6) (095
Sevelamer, no. (%) 10 (20.4) 10 {25.6) 0.561
Vitamin D Treatmenit, no. (%) 10 (20.4) 10 (25.6) (.51
Cardiovascular diseases, no. (%) 23 (46.9) 410.3) <[.0{r1

Legend: BGF2Y, Ghroblast growth factor 23; HD, hemodialysis; HTN, arterial by pertension; W, vasoolar
calcification; UREK, urea reduction ratio; spEt/V, diahrsis adequacy; K, kalium; Ca, calcium; F, phosphonas;
ALF, alkaline phosphatase; iFTH, intact paratinrroid hormone; Hb, hemoglobin; CRF, C-reactive prodein. Data
ame expresssd as mean 4+ standard deviation and as median (25th-7 5th peroentiles) or perentages. Stabstical
significance = marked with bold characters.

Univariate Cooe proportional hazards regression analysis for all-cause and cardiovas-
cular mortality in HD? patients is detailed in Table 2. The results of univariate regression
demonstrated that advanced age (p= 0.002), diabetes (p = 0.001), carotidal ¥C (p< 0.001),
increased CRP (p = 0.001), decreased albumin (p = 0.002) and presence of cardiovascular
diseases (p< (L001) are significantly associated with high risk of all-cause mortality. Serum
FGF-23 levels had no significant impact on all-cause (p= (L67) or cardiovascular mortal-
ity (pr = (L84) (Table Z). The analysis of cardimrascular mortality in univariate regression
demonstrated a significant association with increased age (p = (L01%9), increased carotidal
VC score (p = (L003), low URR and spkt/V (p = 0.02), high CRP (p < 0.0(1), presence of
diabetes (p = (L01) and cardiovascular diseases (p= (L013) (Table 2).
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Table 2 Rasults of univariate Cox fegiession analysis for allcause and cardiovascular mortaliby.

All-Cause Mortality Cardiovascular Mortality
HR (95% CI) P HR (95% CI) P

Age (years) 1.04 {1.01-1.06) 0.002 1.00 (LO0-1.06) 0.019

HD vintage (months) 0.9 (0.99-1.00) 0.577 0,99 (0.99-1.00) 0785
Gender (males) 077 (0.43-1.35) 0.361 067 (0.34-1.33) 0.254
Diabetes 274 (L50-5.01) 0.001 256 (1.25-5.24) 001

HTN 141 (0.72-277) 0307 1.11 {0.52-2.39) 077

FGE-23 (pgs ml) 100 {0.99-1.00) 0.676 100 {0sa-1.00) 0.841
Carotid ¥ score 124 (1.11-1.3%) <0001 1.22 (L07-1.40) 0.003
UERK (98 (0961007 0119 057 (0.95-0.99) 0.026

spkt/V (.48 (0.19-1.20) 0.119 0,33 (0L 12-0.87) 0026
Bicarbonate (mEq/L) 107 (0.98-1.16) 0,092 1.05 (01.95-1.18) 01342
K {m Eq__."]._:l (65 (0.39-1.06) DL0ES 1.03 (0.58-1.81) 097

Ca (mg/dL) 107 (0e-1.60) 0.945 1.27 (L73-2.23) 0.395

I (mg/dL) (B8 (0.71-1.09) 0.253 (.89 (L69-1.18) 0.411

ALP (U/L) 1.00 {0.99-1.00) 0.945 1.00 {0.99-1.00) 0,550

il'TH (pg,"m[.:l 1.00 (0.99-1.00) 0.210 100 {05a-1.00) 0.3949

Hb g/ dL) (L85 (0.70-1.04) 0117 .89 (0.71-1.13) 0.375
Ferritin {ng,/mL) 100 (0991007 0788 1060 (1001000 0.514
CRP (mg/dL) 1.24 (1.10-1.38) <0001 127 (113-1.44) =0.001
Albumin {g/dL) 041 (0.23-071) 0.2 0.58 (0.27-1.24) 0162
Creatinine (mg,"d[.] 085 (0.84-1.06) 0.371 1.03 (0.88-1.19) 0650
Ca in HD solution 1.03 (0.67-1.58) LES) 079 (0.45-1.30) 0.330
Treatment with Ca salts—patients (%) 150 (0842 68) 0164 1.17 {(L59-2.31) 0644
Sevelamer—patients (%) 069 (0.34-1.35) 0.303 071 (0.31-1.64) 0.430
Vitamin I Trea tment—patients (%) 075 (0.37-1.50) 0.419 076 (0L33-175) 0.521
Cardiovascular diseases 284 (1.61-5.01) <0001 238 (120473 [0 ke

Legend: HE, hazard ratio; Cf confidence interval; FGF-23, fibroblast growth factor 23; HID, hemodialhysis; HTN,
arterial hyperension; VO, vasoolar calcification; UER, uea reduction mtio; spEt/V, dialysis adequacoy; K, kaliom;
Ca, calcium; B phosphorus; ALF, alkaline phosphatass; iFTH, intsct paratinrroid hormone; Hb, hemoglobin; CRF,
C-meactive probein. p< 005 was stabistically significant and was marked with bold.

The study evaluated how the severity of carotidal ¥C can predict mortality. The cut-off
value for the ¥V score to predict all-cause mortality was 4. The area under the ROC curve
was 0718 (p = 0.000; 95% ClI = 0,605 826). The sensitivity was 55.1% and the specificity
was 85%.

The cut-off value for ¥C score which predicts cardiovascular mortality was also 4. The
area under the ROC curve was (L657 (p = 0L014; 95% CI = 0.539-0775). The sensitivity was
55.9% and the specificity was 74.1%

The group with a VT score < 4 consisted of 55 patients and 22 deaths (mortality
rate = 40f%), and the group with a VC score > 4 consisted of 33 patients (37 5%) with
¥7 deaths (mortality rate = 81.5%) (Figune 2).
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Figure L All-cause mortality according to the VI score (Log Rank Manbel Ceo; p < 0.001). Survival

probability at 96 months was 80% for patients with VC score < 2 and 19.2% for patients with VO
sooe < 4

In & patients from the survivors' group (15.4%) and in 27 patients from the deceased
group (55.1%), the VC score was >4 (p< (L001). The Kaplan-Meyer analysis showed that
from the group of 55 patients with VC score < 4, 27.3% died due to cardiovascular causes,
and from the group of 33 patients with VC score > 4, 57.6% died due to cardiovascular
causes (p = 0.005) (Figure 3).
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Figure 3. Cardiovascular mortality according to the VO scome (Log Rank Mante] Cox; p= 0005
Cardiovascular events produced death in 27.3% of patients with VC scome < £ and in 57.6% of patients
with VU scom = 4

Multivariate Cox regression amalyzed the influence of carotid VC on mortality. All-
cause mortality was associated with carotid VC scome, diabetes, and CRF; covariates were
all significant factors in univariate analysis and factors elevant to patients” outcomes. No
significant relation was found between FGF-23 and all-cause mortality (Table 3).
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Table 3. Multivariate Cox fegession analysis for all-cause mortality.

Al Cause Mortality

HR (95% CI) P
Age (years) 1.02 (0.99-1.05) 0.185
FGE23 (pg/mlL) 1,00 {0.99-1.00) 0,090
Diabetes 235 (1.19-4.64) 0.014
VC score 119 (1.01-1.39) 0.031
K 0.94 (0.51-1.73) 0,860
Bicarbonate 109 (0.597-1.23) 0iz2
Albumin 0.66 (0.31-1.43) 0.297
CEP 128(1.12-1.44) <0.001
Cardiovascular diseases 1.34 (0LE7-268) (1400

Legend: HR, haard ratio; (1, confidenoe interval; FGF-23, fibroblast growth factor 23; VC, vascular calcification;
K, kalium; CRF, C-reactive protein. A& value of p < (L0G marked statistical significance and it was highlighted
with bold.

Cardiovascular mortality was also associated with carotid VC scome, diabetes, and
CEE but alsowith HD adequacy assessed by URE; covariates were significant factors in
univariate analysis (Table 4).

Table 4 Multivariate Cox fegeession analysis for cardiovascular mortality.

Cardiovascular Mortality

HE f95% CI) F
Age (years) 1.02 (0.98-1.08) 0271
FGE-23 (pg/mlL) 1,00 0.99-1.00) 0.432
Diabetes 216 (1.03-4.55) 0.041
VC score 122 (1.02-1.47) 0.028
CRP 136 (1.18-1.56) <0.001
UEE (L95 ((.93-0949) 0,009
Cardiovascular diseases 112 (0.51-244) 0.762

Legend: HR, hagard ratio; (1, confidenoe interval; FGF-23, fibroblast growth factor 23; VC, vascular calcification;
CFE, C-reactive protein; URE, urea reduction ratio. A valoe of p< 005 marked statistical significance and it was
highlighted with bald.

4. Discussion

A high prevalence of ¥C of the carotid arteries on ultrasound examinations was iden-
tified. The arguments in favor of vascular ultrasound evaluations include easy acoess to
devices, a high rate of use in most medical facilities, a large number of physicians trained
to perform echography, its non-invasive nature, and safety with no risk added. Numenous
studies validated the ability of arterial ultrasound examinations to properly assess the
presence and extent of calcifications and similar results were reported by other authors as
well [3,16,17]. A recent study demonstrated that the ulirasound-based method comelates
with standard computer tomography (CT)-based methods for femoral artery evaluation.
Ultrasound-based calcification scores were increased in patients with diabetes, renal failure,
and the presence of chronic limb ischemia similar to CT-based femoral caldfication [17]. Due
to the reliability of the method, in recent years, a higher interest extending even to intravas-
cular ultrasound in specialized centers is acknowledged. The aim of the latest is to detect
vascular wall microcalcification because the mechanical stresses are augmented, and the
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clinical risk occurs from the early stages of intimal caldum formation [15,19]. Nevertheless,
it is generally accepted that the use of common ultrasound by skilled clinicians improves
wvascular assessment with reasonable accuracy, and by now; this is widely available.

The present study identified a strong, significant association of carotid calcified
atheroma plaques with allcause and cardiovascular mortality: Such correlations between
W and mortality were reported by numerous studies. Coronary artery calcification de-
tected on CT exams increased mortality in patients undergoing hemodialysis [20]. In
peritoneal dialysis patients, it was reported that discrete modifications of arteries, such
as carotid intima-media thickness, are associated with cardiovascular mortality [21]. The
INDEPENDENT study checked for the power of death prediction in incident HD patients
of ¥ assessed with coronary arfery calcification Agatston scome and with abdominal aorta
calrification Kauppila score. Each type of ¥ predicted all-cause mortality in this study [3].
Cardiowascular risk can also be stratified by assessing the atheroma through ultrasound of
arteries [22].

Chang et al. evaluated the aortic arch calcifications of HD patients on chest X-rays us-
ing a three-grade scoring of severity. The patients with coexisting moderate-to-severe aortic
arch calcification and high alkaline phosphatase had a higher risk of major cardiovascular
events, and cardiovascular and all-cause mortality compared to those with non-to-mild
aortic arch calcification/ low alkaline phosphatase even after adjustments for significant
clinical variables. Authors concluded that moderate-sevene aortic arch calcification and
high serum alkaline phosphatase co-modify the risk of cardiovascular events and mortality
among chronic HD patients at 3years of follow-up [23].

Fegarding cardiovascular diseases in the present study, they were associated with
allcause and cardiovascular mortality in univariate analysis; this effect was lost after
multivariate analysis. Further larger studies are needed to clarify this relationship.

Low and high PTH and hyperphosphatemia as well facilitate VIC. The FGF 23-Klotho
axis has also been implicated in VIC. FGF-23, a bone-derived hormone maintaining phos-
phate balance, has emerged as a key player in CKD-MBD pathophysiology This study
did not find any significant relationship between serum FGF-23 levels and all-cause mor-
tality or cardicvascular mortality. A previous report about FGE-23 effects in HID patients
demonstrated an association between elevated FGF-23 levels and death [24]. FGF-23 was
also associated with death in non-dialysis chronic kidney disease stages 3-5 patients [25].
In a recent report on the EVOLVE trial, FGF-23 was a risk factor for cardiovascular calcifi-
cation, events, and mortality in HD patients [26,27]. Conversely, our prior cross-sectional
study demonstrated that low FGF-23 is associated with the presence of cardiovascular
diseases [16]. Mo relationship between FGF-23 and atherosclerosis, arterial stiffness, and
peripheral vascular complications was reported by other studies [25]. In the PREVENTD
study, on a prospective population-based cohort, high FGF-23 levels were associated with
an increased risk of new-onset chronic kidney disease and all-cause mortality, independent
of established chronic kidney disease risk factors [29]. However, Olauson et al. [30] and
Mizuiri [20] reported no association between high serum FGF-23 and mortality in HT
patients, which is consistent with our findings. PACE study mached the same conclusion
that FGGF-23 is not associated with death [31]. Bouma de Krijger et al. tested the change
in FGF-23 concentration over time and its association with allcause mortality in patients
treated with HIY or hemodiafiltration. The results of their study, named CONTEAST, was
that there is not any association between a single value of FGF-23 and all-cause mortality;
but increasing FGF- 23 concentrations did identify patients at risk for mortality No associ-
ation was found between baseline FGF-23 concentrations and all-cause mortality among
prevalent dialysis patients, and this is also a similarity with my study esults. CONTRAST
study also confirmed that hemodiafiltration is capable of substantially reducing plasma
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FGF 23 concentrations. However, since lowering FGF-23 did not improve outcomes, this
study found no argument for therapeutically lowering FGF-23 [32]. The CONTRAST study
results may help us find an explanation for the lack of correlation between serum FGF-23
levels and mortality. The possibility that high-flux filters used to dialyze our patients could
have contributed to FGF-23 clearance, influencing the serum levels, and consequently, the
study's results [32]. Further studies may bring clarity regarding this hypothesis.

Carotid intima-media thickness, FGF-23, and mineral bone disorder were analyzed
in a cross-sectional study on 42 children aged 2-18 years old with chronic kidney disease
stages 2 to 50, The study has shown that FGF-23 levels increase with chronic kidney
disease progression, but there weme no significant correlations between carotid intima-
media thickness and factors, including mineral markers and FGF-23 levels [33]. The
discrepancies between the results of these studies might be at least partially explained by
age, lifestyle, and racial differences and also by the HD prescription, efficiency; and even
ultrafiltration [34,35]. In conclusion, in prevalent HD patients, baseline FGF-23 value is
not associated with all-cause mortality, suggesting that the assocdation between FGF-23
and long-term outcome may disappear with dialysis duration. Furthermore, low FGE23
concentrations are not associated with a lower cardiovascular risk [16]. This observation
argues against the benefit of interventions that lower FGE-23 in prevalent patients with HD.

Diabetes mellitus proved to be a risk factor for all-cause and cardiovascular mortality
in ESED patients. This is a traditional risk factor acknowledged by different studies [36].
Low serum albumin kevels were linked to all-cause and also to cardiovascular mortality,
emphasizing the roke of malnutrition and inflammation in the outcome of HD patients [37].
There is an ongoing interest in prediction models for mortality A new construction proved
that a C-reactive protein—albumin-lymphocyte could be used as a prediction model for
all-cause mortality in patients on maintenanoce hemodialysis, emphasizing the role of serum
albumin and CRP in the enhanced risk of death [38]. In cur study, serum CRP levels were
identified as a strong predictor for all-cause and cardiovasoular mortality. Inflammation was
outlined in ongoing research as a risk factor for negative outcomes in HD patients [5,39,40],
including death [37,41]. A recent study conducted on a cohort of 3262 partidpants from the
US Mational Health and Nutrition Examination Survey (NHANES) database proved that the
systemic inflammatory response is associated with allcause mortality and cardiovascular
mortality in a population with chronic kidney disease. The systemic inflammatory response
independently posed a risk for both all-cause and cardiovascular mortality in chronic
kidney disease patients [42]. In our study, cardiovasoular mortality was also influenced by
HIY adequacy, low URR increased the death risk by cardiovascular causes.

Asavalidation of previous studies, the recent KDIGO guideline for the management of
chronic kidney disease and the conclusions of the newest controversial conference on CKD-
MBD recognize diabetes, malnutrition inflammation, and VC as risk factors for premature
death in chronic kidney disease [43].

The primary strength of this study was the long follow-up period with reliable and
detailed information. However, there are several potential limitations. The relatively small
sample size is the first and probably the most relevant one. Secondly, variables related to
cardiovascular risks, such as cardiac echogram parameters, smoking habits, and physical
exercise, were not included in this study: Finally, these mwsults were obtained from a single
center, and the patients wene all Caucasians, so the results might not be applied to all
hemaodialysis people. The ultrasound-based method shows promise as a simple method for
quantifying the extent of carotid artery calcification in patients with ESRD. The cormelation
with mortality shows that it could be useful for predicting outcomes for HD patients,
extending access to VT screening,



Diissases 275, 13,73 11 of 1%

5. Conclusions

The study documented in a cohort of patients prevalent in chronic HDY that carotid ¥C
predicts all-cause and cardiovascular mortality at 8 years of follow-up and significanthy
improves risk stratification. FGF-23 was not associated with outcomes. Cther significant
risk factors for all-cause and cardiovascular mortality were diabetes, high CRE and low
albumin. HI} adequacy influenced cardiovascular death risk In conclusion, our findings
emphasize that the adverse prognosis associated with carotid VC in ESRD is exacerbated
by the severity and extent of calcifications, encompassing age, diabetes, or inflammation.
Comversely, normal serum albumin and an adequate HD may offer protective effects on
carotid VC-related poor outcomes, potentially through mechanisms imrobring nutrition,
elimination of uremic toxins, or anti-inflammatory pathways. Therefore, this study illus-
trates the concept of multiple pathogenic hits contributing to the high risk of death in HDY
patients. Consequently, effective therapeutic strategies aimed at improving outcomes in
HD patients should focus on mitigating the harmful risk factors, including chronic inflam-
mation, malnutrition, and normalizing mineral metabolism and vascular bone emodeling.
However, future efforts are needed to assess whether a risk-based approach, including VC
screening to guide the management of chronic HD patients improves survival
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Abstract

Introduction Osteoprotegerin (OPG) is a powerful inhibi-
tor of osteoclast activity, and it plays an important role in
bone metabolism. In hemodialysis (HDY) patients, the rela-
tionship between OPG and bone mineral density (BMD)
is important, but remains unclear yet. The study objective
was to assess the OPG role related to uremic osteoporosis
in HD patients.

Methods This cross-sectional study has been realized on a
cohort of 63 chronic HD patients. Inclusion criteria: elderly
prevalent HD patients with an age over 55 years old. Exclu-
sion criteria: previous bone disease or previous renal trans-
plant; neoplasia; parathyroidectomy, hormone replacement
therapy. The data regarding demographical and clinical
characteristics, including treatments for mineral and car-
diovascular complications, were recorded. Serum OPG and
mineral markers levels were measured. BMD was assessed
by calcaneus quantitative ultrasound; it measured broad-
band ultrasound attenuation, speed of sound (50S) and
stiffness index (STI).

Results The high OPG levels were associated with higher
bone mineral density (OPG-505 P = 0.003;: R = 0.37;
OPG-STI P = 0.03; R = 0.28). Malnutrition, anemia
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and advanced age correlated with bone demineralization.
Males had higher bone density parameters than females. In
patients treated with vitamin D (P = 0.005), the BMD was
increased comparing to patients without these treatments.
Conclusions OPG levels had directly correlated with bone
mineral density parameters. Our study further confirms the
critical role of OPG in the pathogenesis of uremic osteopo-
rosis in ESRD. Whether the increased circulant OPG pro-
tect against bone loss in patients undergoing HD remains to
be established.

Keywords Osteoprotegerin - Osteoporosis - Hemodialysis

Introduction

Bone damage in patients with chronic kidney disease
(CKD), in the spectrum of chronic kidney disease—mineral
and bone disorders (CKD-MBD), represents a daily chal-
lenge for nephrologists. The impact of CKD on bone health
may be immediate regarding biological equilibrium or
delayed as fractures and vascular calcifications. Renal oste-
odystrophy (ROD) occurs in patients with advanced CKD,
including osteitis fibrosa cystica, adynamic bone disease,
osteomalacia and mixed uremic osteodystrophy [1]. At the
present time, diagnosis of bone disease in CKD is based on
clinical signs, laboratory findings and bone radiographs.
Histomorphometry remains the gold standard to evaluate
bone health, but it is rarely performed in clinical practice.
Patients with CKD may have also osteoporosis, either
before or after developing kidney disease. Osteoporosis
is a common disease in elderly general population that is
characterized by low bone mass with microarchitectural
disruption and skeletal fragility, resulting in an increased
risk of fracture. In the general adult population, the clinical
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diagnosis of osteoporosis is made in one of two ways: the
presence of a low trauma fracture independent of the pre-
vailing bone mineral density (BMD), or in the absence of
a preexisting fracture, a certain level of BMD defined in
standard deviation score terms, the T-score. Osteoporosis
means T-score below —2.5 5D, and osteopenia is T-score
between —1 and —2.5 SD [2]. The criteria of osteoporo-
sis refer only to postmenopausal elderly women and are
based on measurement of BMD by dual energy X-ray
absorptiometry (DXA) examination [3]. In 2008, a World
Health Organization (WHO) task force introduced a Frac-
ture Risk Assessment Tool (FRAX), which estimates the
10-year probability of osteoporotic fractures, which does
not include any adjustment of risk according to glomerular
filtration rate [4]. In the setting of CKD, the diagnosis of
osteoporosis is not stated precisely.

Independent of the bone damage type, BMD measure-
ment is important for mortality risk assessment and risk
of fractures prediction [5]. Although its predictive value
in dialysis is not yet confirmed, many authors recommend
DXA to identify fracture risk in end-stage renal disease
(ESRDY) patients [6]. The technigue has certain limits [7],
and it is not used in current clinical practice [1].

The target for secondary osteoporosis diagnosis is to
identify cases with low bone strength [E]. Bone strength
is characterized by BMD, but also by the quality of the
bone. The quality of the bone cannot be assessed only
using DXA. In addition to the BMD, gquantitative ultra-
sound osteodensitometry (QUS) provides information on
the bone elasticity and structure, being complementary
investigations. QUS had been accepted as a good predictor
of osteoporotic fracture risk [9]. In addition to predicting
fracture risk, other studies have found that QUS is at least
as good, and possibly better than clinical risk factors for
predicting women at risk for osteoporosis [10]. The power
to predict the global and hip risk of fractures on fragile
bone, especially in elderly women, is equally strong in
QUS and DXA [11]; it can be used in conjunction with
clinical risk factors to identify patients at high risk of
osteoporotic fractures which require initiation of specific
therapy [12]. QUS is an acceptable, cheap, non-radiative
and easy-to-use method for assessing bone health. In addi-
tion, in dialysis patients who are difficult to mobilize, QUS
can be realized in the dialysis center, quality that should
not be neglected.

Osteoprotegerin (OPG) is a powerful inhibitor of
osteoclast activity, and it plays an important role in bone
metabolism. It is widely recognized that biomarkers are
of main importance in detecting the complications of
chronic kidney disease from early stages [13]. In experi-
mental studies, deficit in OPG led to osteoporosis and the
excess of OPG resulted in osteopetrosis [14]. Also, OPG
administration can produce osteoporosis regression [14].
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Some clinical studies demonstrated that increased OPG
serum levels are associated with low BMD [15]. Geneti-
cally engineered recombinant OPG and anti-RANKL
antibodies are a current indication for osteoporosis in
elderly patients [16, 17]. Further studies are absolutely
and urgently needed in order to determine the effects of
OPG on bones in hemodialysis (HD) patients, because
OPG-RANKL system could become an essential thera-
peutic target. Correlations between OPG and BMD have
attracted the interest of many researchers both in the gen-
eral population and in renal patients. In dialysis patients,
study results were contradictory, detecting either posi-
tive or nepative association or even a lack of association
between serum OPG levels and BMD. In HD patients,
the relationship between OPG and BMD is important, but
remains unclear yet.

The study goal was to assess the osteoprotegerin role
related to uremic osteoporosis in HD patients and to iden-
tify factors which favor the osseous demineralization in
elderly HD patients. This research is aimed to bring new
elements in understanding the pathogenic mechanisms that
favor CKD-MBD in relation to OPG and to evaluate the
OPG influence on chronic HD patients’ morbidity. The
study objectives are: to evaluate the relationship between
OPG and bone mineral density in elderly HD patients; to
establish the link between biochemical markers of CKD-
MBD and bone demineralization from ROD in elderly HD
patients; to establish the link between demographic char-
acteristics, nutrition parameters and current treatments and
bone demineralization in elderly HD patients.

Methods

This cross-sectional, analytical study has been realized on
a cohort of ESRD patients, randomly selected. All were
on conventional HD therapy in Nefromed Dialysis Center
Cluj-Napoca. Inclusion criteria: elderly prevalent HD
patients with an age over 55 years old, who also agreed
to participate to this research. Exclusion criteria: previous
bone disease or previous renal transplant; neoplasia; par-
athyroidectomy, women on hormone replacement therapy.
Among all 131 patients on conventional HD therapy in
Nefromed Dialysis Center Cluj-Napoca, 63 met the eligi-
bility criteria.

All patients were receiving conventional 4-5 h HD,
three times weekly, with synthetic {(polysulphone) dialyz-
ers, bicarbonate dialysate and heparin as standard anticoag-
ulants. Dialysis was prescript in order to achieve adequacy
(spKt/V = 1.2).

The following data were recorded: age, gender, presence
of diabetes, HD vintage, dialysate calcium, HD prescrip-
tion and treatments for mineral metabolism complications.
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Body mass index (BMI = weighﬂheightz} was calculated.
Serum levels of calcium (Ca), phosphorus (P), alkaline
phosphatase (ALP), intact parathyroid hormone (iPTH—
Roche second-generation assay), urea, creatinine, albu-
min, cholesterol, triglycerides, C-reactive protein (CRP)
and OPG (human-OPG ELISA, Biomedica, Wien, Austria)
were measured. Biochemical evaluation was performed
in a central laboratory. Blood samples were drawn prior
to the HD session in the same week of the QUS study.
Hemeodialysis (HD) adequacy was evaluated using the
clearance of urea (SpKUV = 2.4X (1 — urea post-HD/urea
pre-HD) — 0.276).

Bone mineral density was assessed by calcaneus (heel)
guantitative ultrasound. QUS device was OsteoMed
PEGASUS Prestige. QUS measures the transmission of
ultrasound through accessible limb bones or the reflectance
of the ultrasound waves from the bone surface. Pegasus
apparatus was used and the following parameters were
determined: broadband ultrasound attenuation (BUA) (dB/
MHz), speed of sounds (S08) (m/s), T-score, Z-score and
stiffness index (STI). S08 is a measure of BMD and bone
elasticity, BUA measures BMD and bone structure, STIis a
composite parameter resulting from SOS and BUA.

Statlstlcs

Mean = standard deviation expressed continuous variables
when normal distribution and the median (inter-quartile
range) had expressed them when the distribution was not
normal. Qualitative variables were expressed as frequen-
cies. The Kolmogorov—Smirnov test was employed for
the continuous variables to compare the observed cumula-
tive distribution function with the normal distribution. The
statistical comparison was performed using f test for vari-
ables with normal distribution or the Mann—Whitney rank
sum test for the others. Chi-square or Fisher exact test were
used to test the relationship between qualitative variables.
Parametric (Pearson) and nonparametric (Spearman) cor-
relations were determined to test the relationship between
QUS testing and other parameters. Independent variables
associated with bone demineralization were identified
using linear regression, stepwise method. Statistically, sig-
nificance was considered when P value was < 0.05. All sta-
tistical analyses were performed using SPSS 16.0 statistics
packages.

Ethical Issues

All patients signed an informed consent prior to the study
entry. The study protocol conformed to the ethical guide-
lines. IRB/Ethics Committee approval has been obtained
(IRB approval number 178/2014).

Results

Mean age was 68.74 x 7.92 years old; mean HD vintage
was 47.53 £ 43.30 months. All patients were caucasians. In
the studied cohort, there were 29 females (46%), 19 diabe-
tes patients (30.15%) and 9 were smokers (14.28%). Fifty-
two patients were treated with calcium salts (82.53%); 22
patients were treated with vitamin D (calcitriol) (34.92%);
and 15 patients were treated with sevelamer (23.8%)
(Table 1). None received calcimimetics or lanthanum.
Twenty-nine patients (46%) had 1.25% dialysate calcium
and patients (54%) had 1.5% dialysate calcium. Distri-
bution according to T-score was as follows: 40 patients
had the T-score = —2.5 (63.5%); 14 patients had the
T-score = —2.5 and < —1(22.2%); and 9 patients had the
T-score > —1(14.3%).

The following correlations were obtained applying linear
regression: OPG-S03 (P = 0.003, R = 0.37); OPG-STI
(P =003, R =0.28); OPG-BUA (P = 0.37); and OPG-T-
score (P = 0.85) (Figs. 1, 2). OPG correlated also with age
(P =0.03, R =027), BMI (P = 0.04, R = —0.26), URR
(P =002, R =0.29) and iPTH (P = 0.01, R = —0.35).

In linear regression, stepwise method, all guantita-
tive variables were entered into the equation; only BMI
(P = 001; p = 033 95%CI = 0.14-0.52) remained
a predictor for BUA. Only Hb (P < 0.01, & = 10.26;
959%CI = 5.65—14.88) and Ca salts (P < 0.01, b = 21.69;
95%CI = 10.27-33.12) remained predictors for SOS.

The statistically significant correlations between BMD
and other parameters are reproduced in Table 2. Serum
albumin, iPTH, ALP and CRP were not correlated with
indices of QUS measurement.

Comparing BMD parameters according to  gender,
BUA was significantly increased in males versus females
(P =0.048).

The group of patients was divided into two subgroups,
according to the treatment. Those who received treat-
ment with vitamin D derivates had significantly increased
BUA and STI versus those without vitamin D (P = 0.005,
respectively, P = 0.01). Higher Ca in dialysate was associ-
ated with higher SOS (P = 0.03). Treatments with calcium
salts or sevelamer did not influence bone mineral density.

Discussion

In our studied HD patients, QUS was able to detect bone
demineralization. Osteoporosis and osteopenia are medical
terms validated for the general population; they are some-
what not characteristic for secondary bone demineraliza-
tion, as in ESRD [18]. There is uncertainty related to the
applicability of the established WHO classification of BMD
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Table 1 Characteristics of the

) Characteristics Media £+ DS/median (25th-75th percentile) Minim Maxim

studied cohort
Age (years) 6874 £+ 7.93 56 B9
HD vintage {months) 33 (14—60) 2 272
BMI {kg,n'ml} 28.37 + 582 17.93 43.82
OPG (pmol/ml) 5.9(4.20-8.20) 2 19.6
Ca {mg/fdl) 837 £ 048 736 9.90
P (mg/dl} 509 £+ 1.63 1.87 B.E3
CaxP (mg’dl®) 42.90 + 14.61 16 75
iPTH (pg/ml) 219.50 (104.27-420.87) 28 1297
ALP (UM 66 (54-84.5) 41 378
URR 73.21 +9.82 53.7 100
Kuv 1.48 +0.23 1 21
Bicarbonate (L) 1746 + 3.45 9.1 253
Hb (g/dl) 11.61 + 1.22 BR 15.2
Cholesterol (mg/dl) 164.5 (140.5-202.5) 58 362
Trygliceride (mg/dl) 133.5 (95.75-189.25) 40 556
Creatinine (mg/dl) 7.96 (6.76-9.4) 252 13.7
Albumin (gfdl) 4.10(3.96-4.32) 338 4.81
CRP {mg/dl) 115 {0.45-2.700 0.04 15.44
BUA (dB/MHz) 5171 (49.42-33.87) 46.11 65.02
508 (mfs) 1592.36 + 24.60 1546 1594.1
T-score —3.04{-342to -2.3) -im —0.36
Z-score —1.60 +£0.74 —2.64 0.54
5Tl 08.23 4+ 7.87 814 114.8

S0 standard deviation, HD' hemodialysis, OPG osteoprotegerin, BMT body mass index, Ca calcium, P
phosphorus, iPTH intact parathyroide hormone, ALP alkaline phosphatase, URR urea reduction ratio, Ki/V
clearance of urea, CRP C-reactive protein, BUA broadband ultrasound attenuation, SO8 speed of sound,

ST stiffness index
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Fig. 1 Correlation between OPG and SOS (P = 0.003; R =10.348)

according to T-score DXA thresholds. McCloskey’s meta-
analysis confirmed that quantitative ultrasound is a valu-
able tool, because it is an independent predictor of fracture
for men and women particularly at low QUS values [19].

& pringer

Fig. 2 Correlation between OPG and STI (P = 0.03; B = 0.27)

Similar to other studies [20, 21] our study demonstrated
that bone demineralization is prevalent in elderly HD
patients. Some studies revealed an acceptable concordance
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Table 2 Correlations between BMD and other parameters

T-score Z-score 5T1

BUA {dB/MHz) 8508 (mfs)

Age (years) P=002; R=- 03 P=0.03RK=-028
HD vintage (months) P =014 R=-0.19 P=0.08; F =022
BMI {kgfml} P=0.0M1;R=041 P=0384R=-003
Cholesterol {mg/dl) P=005R=027 P=008:R=024
Tryglycerides (mgfdl) P =007 R =025 P=036;R=-032
Creatinine (mg/dl} P=00};R=028 P=065R=006
Hb {gfdI) P=009;R=022 P=0001; R =042
URR P=003; R=—-027 P=054;R=008
CRP {mg/dl) P=006; R =020 P=007;R=-0.19
Ca (mg/dl) P=05T;R=007 P=0.003; R =036
P (mg/dl} P=00};R=028 P=0I10:R=021

Bicarbonate (mmol/l) P =046 R =0.10 P =063 R=006

P=004; K = —0.26
P=042; K =—0.28
P < 0.001; K = 0.52
P = 0.008; R = 0.36
P =0.402; K = 0.32
P=020; R =0.16
P=023;R=0.15
P—03T: k=011
P=011; R =021
P =075 k=004
P =0.01; K = 0.33
P=019; R =0.1T

P=044;R=_0.10
P = 0.006; R = —0.34
P <0.001; R = 0.53
P = 0.004; R = 0.39
P=0.02; R = 0.31

P =0.86; R = 0.02

P =076 R =0.04
P=010; R = —0.21
P=021;R=0.16

P = 0.60; R = 0.07

P =0.05; R = 0.25
P=0.14;R=0.19

P =0005 R =-0.35
P=036R=012

P =0.64; R =006
FP=003R=029
F=092 kR =-0401
F=027R=0.14

P = 0<0.001; B = 0.47
FP=047F=-00%
FP=014RF=-01%
P =0.005; R =0.35
p=004; K =026
P=040R=0.11

Bold values indicate significant correlations

S0 standard deviation, HD hemodialysis, @PG osteoprotegerin, BMJ body mass index, Ca calcium, P phosphorus, URR urea reduction ratio,
CRP C-reactive protein, BUA broadband ultrasound attenuation, S05 speed of sound, STT stiffness index

between QUS and DXA in chronic HD patients [22]. How-
ever, even in the general population, QUS and DXA com-
pliance is not high enough; the explanation is that they
measure different parameters and different skeletal areas
[23]. In the general population, QUS plays an important
role in assessing bone health [24]. A prospective 10-year
follow-up study established that QUS and DXA have the
same fraction risk prediction power [25]. The utility of the
former was proved in HD patients also, predicting the risk
of fractures [26-28].

In our group of HD patients, OPG levels were high com-
paring with reference values. This result is concordant with
Demir’s recent study [29]. It has been reported that circu-
lating OPG is increased in experimental animals fed with
high-fat diet [30], but in our study OPG was inversely cor-
related with BML

The higher OPG levels were correlated directly with
505 and STIL, reflecting an increased bone mineralization.
Thus, OPG might act to prevent bone loss in HD patients.
In healthy persons, it was shown that OPG serum levels are
positively correlated with bone metabolism markers and are
negatively correlated with BMD. In chronic HD patients,
Nakashima et al. [31] had demonstrated that BMD is posi-
tively correlated with OPG and negatively correlated with
HD vintage and iPTH levels. Avila et al. [32] had showed
there is no association between osteopenia and OPG in
women on dialysis. The precise role of OPG in ROD patho-
genesis remains unknown, and further studies are needed to
elucidate it. OPG/sRANKL system is an independent deter-
minant of bone volume and turnover [20]. A study on post-
menopausal osteoporosis HD women observed that serum
OPG levels are higher in HD patients with osteoporosis

compared to same age women not on HD; it also demon-
strated that increased OPG is associated with low BMD in
postmenopausal HD patients [33]. It had suggested that it
is a consequence of imbalances in kinetics of bones that
occurs in CKD. Our study results are in contrast with the
data available for the healthy population, but are consistent
with the findings of Nakashima [31], which also showed
a positive correlation between OPG and BMD. It is well
established that elevated serum OPG levels are associated
with vascular damage and increased risk of cardiovascular
events [34] including in HD patients [35]. Also, vascular
calcification and renal ostecdystrophy have a pathogenetic
link in HD patients [36]. Nascimento et al. [37] reported
in a 3-year follow-up study that increased OPG levels were
independently associated with increased risk of death in
HD patients.

As the post hoc analysis of the FREEDOM trial showed
us, at the present time, we have available a new therapeu-
tic teol [38]. Denosumab was effective in reducing fracture
risk, improving bone mineral density and was not associ-
ated with an increase in adverse events, including changes
in estimated glomerular filtration rate, among women with
impaired kidney function [38-40]. Currently there are no
clinical studies to prove the benefits of antiosteoporotic
treatment in reducing the fracture risk in patients selected
by QUS measurements. However, the International Soci-
ety of Clinical Densitometry Official Position is that phar-
macological treatment can be initiated in case the fracture
probability is sufficiently high even central DXA cannot be
done. In this case, fracture probability should be assessed
by heel QUS using device-specific thresholds and in con-
junction with clinical risk factors [23, 41].
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In our study, iPTH was not associated with bone demin-
eralization in HD patients. The relationship between BMD
and iPTH is not constant in trials, but it was shown that
BMI has a positive influence on BMD [20, 42].

Nufrition (BMI, cholesterol, tryglycerides, creatinine
and Hb) was an important determinant of BMD in our
study. Some studies have shown that older age, low weight,
low albumin and increased ALP are important risk factors
for low BMD [33]. Moreover, it has been reported that cir-
culating OPG is increased in experimental animals fed with
high-fat diet [30].

In the present study, there was a significant difference
between the QUS-measured parameters according to the
gender of patients, consistent with the literature indicating
that demineralization in women would be more important
in patients with ESRD; increased HD vintage was associ-
ated with lower Z-score, consistent with other studies [43].

Bone mineralization was befter in patients receiving
treatment with high calcium dialysate or vitamin D; it
was not influenced by the treatment with sevelamer. These
results correspond to data available for the general popu-
lation; the patients deficient in vitamin D with or without
associated hypocalcemia develop bone complications.
These data can be explained by a potential deficit of Ca and
vitamin D, whose correction is beneficial for the bone.

Limitations of the study consist in a relatively reduced
number of patients, which restrain us to generalize the
results. Its cross-sectional nature does not permit causative
associations. QUS examination validity in HD patients is
not certain, as it has not been yet compared with the gold
standard.

Some challenges remain in the modern management of
secondary osteoporosis: development of better diagnostic
tools for the quality of bone, the evaluation of fracture risk
and the most appropriate selection of patients for therapy
[44—46].

Conclusions

Elevated OPG correlated directly with ultrasonographic
parameters of good bone mineralization, suggesting that
OPG may protect bone against bone loss in HD patients.
Advanced age, absence of treatment with vitamin D and
malnutrition correlated with bone demineralization. These
results justify the statement that OPG is an important piece
in CKD-MBD, but its exact role in HD patients remains to
be established in future research.
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Abstract

Aim: To assess the osteoprotegerin (OPG) relationship with cardiovascular complications in

hemodialysis (HD) patients.

Keywords

Cardipvascular disease, immunotoxicity,
renal disease

Methods: The study included 87 HD patients. Clinical characteristics, ankle-arm index (AAD, OPG

and mineral markers levels were recorded. Arterial intimal calcification [(AIC) and arterial medial

calcification (AMC) were registered.

Results: OPG levels were increased in HD patients. Patients with AIC (p = 0.008)/ AMC (p=0.01)
had higher OPG levels. OPG did not have any relation with cardiovascular diseases. OPG
comelated positively with age, increased HD vintage and Iinversely with albumin and AAL OPG

has not been a risk factor for VC or cardiovascular disease.
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Conclusion: OPG rising could be a reaction in defense to vascular aggression, because OPG was

assoclated with VG, but not with vascular disease.

Introduction

Nowadays in nephrology, the most challenging complication
in patients with end-stage renal disease (ESRD) treated with
dialysis is chronic kidney disease (CKD) — mineral and bone
disorders (CKD-MBD). This i a relatively new concept
including mineral laboratory abnormalities, renal osteody-
strophy and, very important, vascular caleifications (VC;
KDIGO, 2009).

Cardiovascular (CDV) calcifications have a high preva-
lence in patients with CKD and on chronic dialysis treatment
(Massy et al., 2013). CKID patients can develop two different
types of VC. Arterial intimal calcifications (AIC) appear on
atherosclerosis (ATS) plagues and produce occlusion-ische-
mia phenomenons. Arterial medial caleifications (AMC), also
called as artenosclerosis, can kead to decreased elasticity of
large vessels, systolic hypertension, cardiac failure, or sudden
death (Schlieper, 2014). It has been demonstrated that all-
cause and CDV survival are influenced m a different manner
by the two types of VC (Abou-Hassan et al., 2015). Vascular
ultrasound is a reliable instrument for detecting VO and can
differentiate between cakeified atherosclerotic plaques (AIC)
and AMC (Lanzer et al., 2014; Moldovan et al., 2014). Pulse
pressure (PP) and ankle-arm index (AAI) appreciate stiffness

#Cosmina Toana Bondor is responsible for statistical design/analysis.
E-mail: cosmina_ioana@yahoo.com.

Address for correspondence: Dr. Diana Moldovan, Department of
Mephrology, University of Meadicine and Pharmacy *Tuliv Hatieganu®",
Cluj-Mapoca, Romania. E-mail: dnmoldovan@ yahoo com

or compliance and provide the vascular functions assessment
(Covic et al., 2010).

The nsk factors for CDV caleification in CKD patients are
considered to be classical factors, uremia-related procaleifi-
cation factors Iike uremic serum, caleium (Ca), phosphorus
(P), parathyroid hormone (FTH), but, also, a deficit of ant-
caleification factors like fetuin-A, osteoprotegenn (OPG),
osteopontin, and others. The process of VC is active and 1t
consists in ossification, in which the balance favor of
procaleific factors over inhibators (Scialla et al., 2014).

OPG or osteclast inhibitory factor is a dimeric glycoprotein
of the tumor necrosis factor (TNF) receptor family which
inhibits receptor activator of NF-kB (RANK) stimulation of
osteoclast formation as a soluble decoy receptor. Osteoblasts
and stromal cells produce OPG, which binds to and thereby
inactivates receptor activator of nuclear factor kappa-B ligand
(RANKL). In the absence of OPG, RANKL activates its
receptor RANK, found on osteoclasts and preosteoclast
precursors (Candido, 2014). OPG’s role identified in expen-
mental studies was i bone tum-over regulation and in
extraskeletal  caleification  processes.  Amimal  knock-out
models and human single gene defects have confirmed the
role of OPG/RANK/RANKL in regulating VC (Lacey et al.,
2012). In vascular smooth muscle cells, the OPG expression
is increased in uremic  serum  compared to  nommal
serum (Moe et al, 2005) and OPG mhibits VC (Zhou et al.,
2013). Recombinant OPG administration results in stopping
the progression of wvascular lesions (Lacey et al., 2012;
Yavropoulou et al, 2014). Role of OPG in CKD and its
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influence of vessels were assessed also in clinical smdies.
Serum OPG levels were associated with ATS development and
severity (Vik et al., 2010) and with increased aortic stiffness in
HD patients (Kim et al., 2013b). OPG was associated with
mereased CDV mortality (Morena et al., 2006) and with the
presence and extent of coronary diseases (Ford et al., 2012) in
CKD paticnts. But, there are studies like Di Bartolo et al’s
(201 1) which represent arguments that OPG is not a deleterious
factor and that OPG act as a VC inhibitor. In other studies,
OPG-VC relationship could not be demonstrated (Jean et al.,
2009). However, unfortunately the existing data are as yet
sparse. The ongoing dilemmas related o OPG’s role in CDV
disorders of CKD patients (Liabeuf et al., 2014) represented
stimuli for us to bring suplimentary data related to this issue.

The research goal was to assess the OPG role related to VO
and CDV complications in HD patients. Objectives were to
assess the presence and prevalence of VC, AIC and AMC
using ultrasound techniques, to assess the relatonship
between OPG and ATS (AIC and AAI. the relaionship
between OPG and medial complications (AMC and PP), the
relationship between OPG and the presence of CVD, the
relationship between OPG oand mineral metabolism markers
(Ca, P, CaxP, iPTH, ALP) and other chinical and laboratory
markers in HD patients.

Patients and methods

This was a cross-sectional, prospective, analytical study
carried on 2 cohort of ESRD patients, randomly selected.
Among all 142 patients on conventional HD therapy in
Nefromed Dialysis Center Cluj-Napoca, 87 met the cligibility
criteria and, also agreed to participate to this research. All
patients were receiving conventional 4-5h HD, three times
weekly, with synthetic (polysulphone) dialyzers, bicarbonate
dialysate and hepanin as standard anti-coagulants. Dialysis
preseription was guided by a goal of achieving a value of
spKUV = 1.2 (KDOQI guidelines, 2006).

Inclusion criteria: prevalent HD patients, age = 18 years.

Exclusion criteria: neoplasia, severe infections; parathyr-
oidectomy, previous renal transplant.

The data regarding demographical and clinical character-
1stics (age, gender, HD vintage, presence of diabetes, medical
history, dialysate caleium, HD prescription), including treat-
ments for mineral and CDV complications, were recorded.
The presence of CDV discase was recorded.

Blood pressure (BP) was measured with an upper arm
mercury sphygmomanometer according to the recommenda-
tions of the American Heart Association. We measured arm
systolic (sBP) and duastolic (dBP) BP and ankle sBP in
clinostatism after 10min of repaus, before HD session. We
calculated body mass index (BM[=\=.1:ight.|’hcight:), mean
blood pressure (MBP =dBP+ (sBP-dBPY3), PP =sBP-
dBP), AAl=ankle sBFf arm sBP.

Serum levels of caleium (Ca), inorganic phosphorus (P),
alkaline phosphatase (ALP), intact parathyroid hormone (1IPTH
— Roche second-generation  assay), uwrea, albumin  and
C-reactive protein (CRP), cholesterol, tnglycendes andOPG
(human-OPG ELISA, Biomedica, Wien, Austnia) were mea-
sured. The reported nomal OPG levels are 3.1 £ 2.1 pmol/l
(62 pg/ml).
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Blood samples for the biochemical evaluation were
drawn prior o the HD session in the same week of the
ultrasound study. Laboratory tests were performed in a central
laboratory. The clearance of wrea (spKUV =24 x (l-urea
post-HD/urea pre-HD)}0.276) assessed hemodialysis (HD)
adequacy.

Vascular ultrasound was performed to detect VCin carotid
and femoral arteries. A Doppler ultrasound machine with a 5-
10MHz linear transducer was used. The ultrasound examiner
was blinded to other patient’s data. We examined common
carotid artery (lem proximal to the carotid bifurcation),
bifurcation (1-2cm) and intemal carotid artery (1 cm distal to
the bifurcation); common and superficial femoral arteries
were examined on a distance of 1cem proximal, respective
distal to bifurcation. Real-time B mode and Doppler func-
tions, transversal and longitudinal sections, were used to
assess the arteries walls. In order to avoid biases, operator was
trained and unaware of patient’s clinkcal and biochemical
data. The intra-observer reproducibility of this assessment
was assured using two consecutive ultrasound exams; in case
of discordance, a third examination was performed in order to
settle the nght result. The AIC was considered to be caleified
atheroma plagques (focal areas of intima thickening, with
protrusion in the vascular lumen and hyperechoicaspect with
posterior shadows in the arterial walls). The AMC were
defined as multple punctiform hyperechoic images inclavated
in the vascular wall, which does not protrude in the lumen and
does not affect the blood flow, as they are described in the
literature (Lanzer et al., 2014).

The cohort was divided i subgroups: with  and
without AIC; with and without AMC; with and without
CVD. The CVD discases were defined by ischemic heart
disease (acute myocardial infarction, angor pectoris), heart
failure, stroke, arrhythmia, aortic aneurysm and peripheral
artery disease.

Statistics

Continuous variables wene expressed as mean + standard
deviation if variables had normal distribution and as median
(inter-quartile mange) if the distribution was not normal
Qualitative variables were expressed as frequencies. The
statistical comparison was performed using i-test for variables
with normal distnbution or the Mann-Whitney Rank Sum Test
for the others. Chi-square or Fisher exact test were used to test
the melationship between qualitative vanables. Parametric
(Pearson) and non-parametnc (Spearman) comrelations were
determined to test the relationship between OPG, AAL PP and
the other parameters of CDV risk. As age was significantly
associated with OPG, partial correlation controlled for age
were computed. Independent variables associated with AIC,
AMC were identified using binary logistic regression (ENTER
method) with age, statine treatment and Ca treatment as
covanate. Thereafter, a receiver-operating  characteristic
(ROC) curve was designed to wdentify a cut-off value of OPG
that best predicted the presence of AIC and AMC, according
to the maximum of the Youden Index. Statistically signifi-
cance was considered when p value was <0.05. All statis-
tical analyses were performed vsing SPSS 130 statistics
packages.
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Ethical issues

All patients signed an informed consent prior to the study
entry. Their privacy was respected. The study pmotocol
conformed to the cthical guidelines and it was approved by
the University Ethics Committee.

Results

Demographical and chnical charactenistics of the studied
cohort are as follows. Mean age for our 87 ESRD patients was
6274+ 1295 years, between 20 and 89 years. The HD
vintage ranged between 2 months and 272 months with a
mean of 47.96 + 4936 months. Regarding vascular access, 62
had an arterio—venous fistula and 25 patients had a central
venous catheter (Table 1), A minmmum spKUV of 09,
maximum of 2.1 and medium of 1.46 + 022 was obtained.
A mumber of 40 patients were females (46.13%), 11 patients
were smokers (12.6%), one patient had B-vimus infection
(1.1%) and five patients had C-virus infection (5.7%). The
etiology of ESRD was chronic glomerulonephrites in 14
patients  (16.09%), diabetic nephropathy in 21 patients
(24.13%). vascular nephropathy in 10 patients (11.49%),
tubulo-interstitial diseases in 11 patients (12.64%), polycystic
kidney disease in 4 patients (4.59%), others and unknown in
27 patients (31.03%).

Mean albumin was 4.17+0.32 g/dl; mean CRP was
167+ 235mg/dl; mean cholesterol was 17135 +54.35mg/
dl; mean triglyceride was 16600+ 117.86mg/dl; mean
HDL-cholesterol was 47.89 + 12.89 mg/dl; mean VLDL was
3322+ 23,56 mg/dl. According to K/DOQI targets for min-
eral markers: 44.8% had normal Ca levels and most of them
(534%) had low Ca levels; 40.2% normal P, 19.5% low P and
17.2% had high P; 39.1% normal; 26.4% low iPTH; 34.5%
high PTH. 54% had increased OPG levels. Medium serum
OPG levels were mereased m our chromie HD patients,
597+ 324, mnging from 1.4 to 19.6 pmol/ml (Table 3).

Regardng the VC's prevalence and distnbution in HD
patients, 82% had VC and the anatomic localization was: 55
patients with carotid AIC; 38 patients with femoral AIC; 21
patients with carotid AMC; 52 patients with femoral AMC.
14% had only AIC, 14% had only AMC and 54% had both
types. Thirty-two (36.8%) patients had CVD.

Comparing the subgroups of patients with and without AIC
regarding all features mecorded and measured, OPG levels

Table 1. Demographical and clinical cantitative characteristics (n =87).

Standard
Feature Minim Maxim Media deviation
Age (yrs) 20,00 BO.OD 6274 12.95
HD vintage (ms) 2.00 272.00 47.96 4936
W kg H.00 1400040 74.40 17.64
H (m} 1.45 1.83 L6 0.08
BMI (kg/m™) 17.93 43.82 27.85 5.82
sBP (mmHg) Q0.0 190,00 133.90 19.31
dBP (mmHg) 40,040 100.00 76.89 10.29
PP (mmHg) 30000 1200040 57.01 14.21
Medium BF (mmHg) 0,00 127.00 95.91 12.31
AAT [1X11] 1.25 0.59 0.38

HD, hemodialysis, W, weight; H, height; BMI, body mass index; sBF,
systolic blood pressure; dBP, diastolic blood pressure; PP, pulse
pressure; AAL arkle arm index.
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(p = 0.006), age (p=<0.0001) and HD vintage (p = 0.03) were
significantly higher in AIC subgroup (Table 2). In the AIC
subgroup, 76.27% of patients received calcium-based treat-
ments compared with 96.42% in subgroup without AIC
(p=0.03). A total of 44% of patients with AIC received CDV
treatments compared with 17.85% in the non-AIC subgroup
(p=0.03; Table 2). AAI was decreased in 79.66% of AIC
patients and 53.57% in non-AlC patients (p = (L02).

Patients with AMC had higher OPG kevels (p=0.01), age
(p=<<0.001) and lower creatinine levels (p=0.02) compared
with patients without AMC. In the subgroup with AMC,
33.89% had diabetes, only 3.57% from subgroup without
AMC had diabetes (p = 0.004). In AMC subgroup, 79.7% had
decreased AAL and 53% in the subgroup without AMC
(p=10.02; Table 3).

Increased OPG was correlated with advanced age
(p=0003 r=032) and HD vintage (p<0.001; r=035).
Inverse significant comelation between OPG levels and AAL
(p=000% r=—028) and between OPG levels and serum
albumin (p=<0.001). After controlling for age, OPG was
inverse comelated with BMI(r = —0.25, p=10.03) and directly
correlated with HD vintage (r= 024, p=0.04). The relation
between OPG and PP (p=0.75) or between OPG and CVD
(p=10.37) was not sigmficant.

ROC curves detected that cut-off value for OPG was
6.05pmolml W predict AIC and 7.05 pmol'ml to predict
AMC. Plasma OPG level had a good prediction of AIC, with
an area under ROC curve of 0.68. The cut-off value best
predicting AIC was 6,05 pg/ml (sensitivity = 49.15%; speci-
ficity =82.15%). In the group withowt AIC, 5 patients
(17.8%) have OPG over 6.05 and in the group with AIC, 29
patients (49.5%) had OPG over the cut-off value (p=0.005).

Plasma OPG level had a good prediction of AMC, with an
area under ROC curve of 0.66. The cut-off value best
predicting AMC was 7.05 pg/ml (sensitivity = 37.28%; speci-
ficity =92.85%). Six patients (21.42%) had OPG over the cut-
off value in group without AMC, and 28 patients (47.45%) in
the group with AMC (p=0.02).

After controlling for age, statins and Ca treatment in
a multivariate binary logistic regression the identfied risk
factor for AIC was albumin (OR = 13.08, 95% CI 1.99-85.71,
p=001), but not OPG (OR=1.19. 95% CI 0.95-1.51,
p=10.13). Risk factor for AMC with HD vintage, statins and
Ca treatment as covanates was DM (OR=11.29, 93% CI
1.32-96.55, p=0.03), without OPG (OR=1.14, 95% CI
0.93-1.40, p=021).

Discussion

The prevalence of CVD and VC 1n our studied ESRD patients
was increased. Our finding is a new confirmation that CKD is
4 risk factor for CVD (Jha et al., 2013). In renal population,
ATS 15 more common than i the general population and the
level of plaque cakeifications is more frequent and more
extensive (MeCullough et al., 2008). The present research has
revealed an increased prevalence of cakeification in the
atherosclerotic plaque and, also, in the media of the artenies.
Most patients had a combination of both types of VC KDIGO
guidelines in CKD-MBD recommend that affordable and
widely available techmgues should be evaluated and used in
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Table 2. Comparison of clinical and biochemical profiles of hemodialysis patients with and without arterial

intimal caleification (AIC).

Feature Without AIC (n = 28) With AIC (n =59} P
OPG (pmoliml) 4.4 (2.82-5.87) 5.9 (4.58.2) L0
Age (yrs) 5485+ 1533 66.49 + 9.74 <001
HD vintage (months) 19 (114575) 36 (18-68) 003
Blood flow (mlmin) 350 (300-380) 350 (300-380) 0.80
BMI (kg/m™) 26.29 (23.26-31.31) 2710 (24.14-31.24) 0.70
sBP (mmHg) 140 (1201440} 130 (120-150) 0.67
dBP (mmHg) 80 (7080 B0 (7080} 0.62
PP (mmHg) 55 (50600 60 (50-60) 0.61
mBP (mmHg) W32+1292 96.67 + 12.06 0.40
Hb (g/dl} 1134143 11.6%1.17 0.20
Ca (mgidl) B.34 £0.45 B.34+0.51 0.94
P (mg/dl} 542+1.71 499+ 1.65 0.26
Creatinine (mg/d) 7.89 (6.60-10.01) 8.17 (7.26-9.84) 023
spEuv 1.42 (1.34-1.56) 1.47 (1.29-1.57) 073
ATbumin (g/dl) 4.07 (3.93-4.32) 4.20 (4.0d4—4.44) 004
CRP (mg/dl} 0.87 (0.36-3.1) 0.92 (0.38-1.64) 038
iPTH (mg/dl) 222.3 (177.94093) 2209 (126.85—H47) 0.88
ALP (L) 62.5 (48.7-83.2) 68.5 (532-92.5) 035
Cholesterol (mg/dl) 170.5 (136.25-205) 159 (143-202) 0.78
DM, no (%) 5(17.85) 16 (27.11) 049
AVF, no (%) 18 (64.28) 45 (7627) 0.82
Smokers, no (%) 3(10.71) 8 (1355) 1
Calcium, no (%) 25 (89.3) 47 (797 036
Vitarmin D, no (%) B (28.5T) 23 (3B98) 047
Sevelamer, no (%) 4 (14.28) 17 (2BB1) 0.22
ACElsartans, no (%) T(25) 22 (3728) 037
Betablokers, no (%) 15 (33.57) 4 (7457 0.08
Suatins, no (%) 5(17.9) T(11%9) 051

Bold values represent a statistically significant di flerence between the two groups.

OPG, osteoprotegerin: HD, hemodyalisis; W, weight: H, height; BML body mass index; sBP, systolic blood
pressure; dBP, disstolic blood pressure; PP, pulse pressure; AAL ankle arm index; Hb, hemoglobin; Ca,
calcium; P, phosphorus; CRP, C-reactive protein; iPTH, intact parathymoid hormone; ALP, alkaline
phosphatase; DM, diabetes mellitus; AVF, anterio—venous fistula; ACEL angiotensin converting enz yine

inhibitors.

detecting the presence and monitoring the progression of
arterial caleification in routine chinical practice (KDIGO,
2009). In this research, ultrasound proved to be efficient in
evaluating AIC and AMC as different enfities, as in Lanzer’s
review (2014). AIC and AMC are known to have different
consequences on CDV system (Yamada et al., 2014). In the
present study, CVD diseases were not favored by a certain
type of VC.

Clinical studies have shown that in patients with CKD and
on chronie dialysis, serum concentrations of OPG are clevated
(Montafiez-Barragin et al., 2014). This fact was demon-
strated, also, in our cohort of chronic HD patients. Serum
OPG was positively correlated with age and duration of HD,
suggesting that age-related factors may intervene in the
regulation of serum levels of OPG in HD patients. Lewis et al.
described this correlation between OPG, renal function and
aging (Lewis et al., 2014), but age 15 not necessarly a
confounder in all studies (Ciccone et al., 2013).

Associaions between high OPG values with the occur-
rence and seventy of CV were reported by some authors (Wet
et al., 2009), but these results could not be confirmed by other
studies (Jean et al., 2009). Our result suggest that OPG could
be involved in the development of ATS; its serum levels were
significantly higher n patients with AIC compared with those
without AIC. OPG was negatively comelated with AAL
suggesting that OPG may be a marker for increased nsk of
atherosclerotic peripheral arterial disease as a complication.

Dialysis rescarch offers an interpretation of the fact that OPG
could promote the progression and instability of atheroscler-
otic plaque (Ozkok et al, 2012; Pateinakis et al, 2013).
Studies carried out on non-renal disbetic patients have shown
that there 15 an association between OPG and the formation
and growth of plaque (Augoulea et al., 2013). Experimental
studies instead, noted that OPG deficiency increase CV risk
(Callegan et al., 2014). OPG is an independent predictor for
coronary VC progression in HD patients (Ozkok et al., 2012).
In peritoneal patients, an association between OPG and aortic
VC has been recently deseribed (Huang et al., 2014).

The subgroup with AIC had increased age and HD vintage,
which fit with the pattern of age — ATS link. The use of less
Ca-based phosphate binders can have the significance of
lower control of mineral metabohsm abnormahties (Orhz
et al, 2013).

In our study. it had been revealed that patients with AMC
had significantly higher OPG and that were older. PP was not
different between the two subgroups with and without AIC,
AMC or both. In studies on HD children, OPG was associated
with arterial stiffness and VO (Shroff et al., 2008). It was also
demonstrated that arterial stffness assessed by PWV 1s
related to OPG (Kim et al., 20013a), but m our study, assessing
arterial stiffness by PP we could not reproduce this relation-
ship, because PP was not significantly correlated wath
OPG.AMC included more patients with diabetes, being a
well-known association (Aoki et al., 2013).
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Table 3. Comparison of clinical and biochemical profiles of hemodialysis patients with and without arterial media

calcification {AMC).

5

Feature Without AMC (n=28) With AMC (n =359 P
OPG (pmol/ml) 4.72+2.19 6.56 4 3.49 0.0
Age (years) 55.14 + 15.81 66,35 + 9.54 0.001
HD vintage (months) M (14-66) 30 (12-60) 0.41
Blood flow (ml/min) 350 (300-380) 350 (300-380) 0.63
BMI (kg/m®) 25.52 (23.26-28.13) 28 (24.24-31.05) 0.06
sBP (mmHg) 130 (1201400 130 (120-145) 0.52
dBP (mmHg) 75 (70-80) 80 (70-80) 0.27
PP (mmHg) 57.5 (50-60) 55 (50-65) 0.90
mBF (mmHg) 94.11+1225 96.75 £ 12.26 034
Hb (g/dl) 1149+ 1.48 1158+ 1.16 0.7
Ca (mg/dl} BA2+05 831049 0.30
P (mgidl) 519194 510 1.56 0.82
Creatinine (mg/dl) 1.7 (6.6-9.7) 847299 0.03
spEuv 1.46 (1.34-1.63) 1.45 (1.29-1.55) 0.36
Albumin (g/dl) 4.16 (3.964.4) 418 (4.044.3% 0.63
CRF (mg/dl) 0.89 (0.34-2.92) 0.91 (0.38-1.64) 0.78
iPTH (mg/dl) 2186 (115.6-538.6) 2237 (128.27424.2) 0.76
ALF (UM 68 (53-84) 65 (50.5-91.5) 0.99
Cholestero] (mg/dl) 155 (134-182) 167.5 (147.7-205.2) 0.16
Gender M/F, no (%) 12/16 (42.85/57.15) 35/24 (539.32/40.6T) 0.36
DM, no (%) 1357 20 (33.89) 0.004
AVFE, o (%) 23 (RL14) 40 (67.79) 0.25
Smokers, no (%) 6 (21.42) 5 (R4.74) 0.16
Calcium treatments, no (%) 36 (9285) 46 (77.96) 0.12
Vitamin D, no (%) 9 (3214 22 (37.28) 0.81
Sevelamer, no (%) B (28.57) 13 (22.03) 0.60
ACElsartans, no (%) 725 22 (37.28) 0.37
Betablokers, no (%) 19 (67.85) 40 (67.79) 0.81
Statins, no (%) 3 (107 9(15.3) 0.74

Bold values represent a statistically sigrificant difference between the two groups.

HD, hemodvalisis: W, weight: H, height: BMI, body mass index: sBP, systolic Blood pressure; dBP, diastolic blood
pressure; PP, pulse pressure; AAL ankle armindex; Hb, hemoglobin; Ca, calcium; P, phosphorus: CRP, C-reactive
protzin; iPFTH, intct parathyroid hormone; ALP, alkaline phosphatase: DM, diabetes mellitus; AVF, arterio—
venous fistula; ACEI angiotensin converting enzyme inhibitors,

In addiion, studies on non-renal patients have represented
subjects for debate about OPG’ role. Some authors concluded
that there is no doubt about the fact that OPG is a VC mhibitor
and marker (Callegar et al., 2014), while others are vehement
in saying that OPG 1s a uremic toxin that mcreases skeletal
resistance iIPTH (Vik et al., 2010). In our study, OPG did not
correlate with the laboratory markers of mineral metabolism
(Ca, P,1PTH, ALP), but it registered an inverse correlation
with serum albumin, suggesting that protein malnutrition
influence serum OPG levels. Koo et al. (2011) demonstrated
the association between malnutrition and increased OPG
levels in their study.

A lot of studies have drawn attention on the association
between increased serum OPG and CDV mortality and events
(Morena et al., 2009; Venuraju et al., 2010). The rescarch of
Yokoyama et al. (2008) 15 singular 1n reporting an association
between low levels of OPG an poor prognosis in Japanese
diabetic HD patients. Qur study revealed no association
between OPG and the presence of CDV diseases in our cohort.

This research outlines the two assumptions: one is that
OPG may have dual role, protective or harmful in the
development and progression of AIC and AMC and the other
that OPG may be incmeased as a defense mechanism to
counteract cxcessive CV. Although in univanable analysis,
higher OPG levels associated with AIC or AMC in multi-
variable analysis, OPG has not been a nsk factor for VC or
CDV disease. In light of these results, we consider that OPG

has a value as marker of reaction in defense to vascular
ageression and not as a pathogenic factor. We interpret the
OPG rising to be a reaction in defense to vascular aggression
and not a pathogenic factor, because higher OPG levels were
associated with VC, but not with vascular discase.

Thene are some limitations of the present study that should
be considered. It results from a relatively reduced number
of patients, which restrain us to generahize the results; it 1s
cross-sectional, which precludes validation of causative
associaions. Ultrasound exam cannot detect details about
the components of plagues, as more accurate techniques, such
as magnetic resonance imaging (Fayad et al., 2011; van den
Bouwhuijsen et al, 2012). Widely available ultrasound
machines am not able o measure the mter-adventitia
common carotid diameter.  (Baldassarreet  al., 2012).
Companng therr results could be the subject of a future
research.

In conclusion, the prevalence of VO and the high serum
OPG levels in studied HD patients was increased. Higher
OPG levels were associated wiath VO, but not with vascular
discase. This is the reason why we consider the OPG rising to
be areaction in defense to vascular aggression, rather than the
agpmessor itself. The precise role of OPG in the vascular wall
has yet o be determined. Thus, further prospective studies are
needed to establish whether increased OPG levels in CKD
patients can in fact predict later development of vascular
complications.
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Abstract

Aim The association between end-stage renal disease and cardiovascular mortality may be influenced through vascular
alterations, in particular atherosclerosis and vascular calcification. The study goal was to assess the impact of each type of
arterial intimal calcifications (AIC) and arterial medial calcifications (AMC), of osteoprotegerin (OPG), mineral metabolism
markers and other features on all-cause and cardiovascular mortality in chronic hemodialysis patients.

Methods Ultrasound was performed in 87 patients on the carotid and femoral arteries, and the severity of AIC and AMC
was assessed calculating a score according to the extension of calcification. We analyzed the link between AIC, AMC, OPG,
mineral markers and mortality after 6 years of follow-up.

Results The cutott value for OPG determined using ROC was 4.9 pmol/] for all-cause and cardiovascular mortality. Patients
with higher serum OPG levels presented higher mortality rates. Our study revealed that AIC, high OPG, low ankle-arm
index, presence of diabetes, smoking status, and lack of arteriovenous fistula are associated with all-cause and cardiovascular
mortality in univariate regression analysis. Multivariate analysis identified AIC scoring based on the segmentation method
as an independent predictor of all-cause and cardiovascular mortality, along with increased OPG levels. AMC scoring was
not a predictor of mortality.

Conclusions Identitying and scoring AIC on ultrasound and measuring OPG levels, as a basis of the HD patient assessment
may become valuable tools in clinical work, as these have an impact on death toll.

Keywords Arterial calcification - Osteoprote gerin - Hemodialysis patients - Survival

Introduction lost. The death rate of our end-stage renal disease patients

remains still high, when comparing to general population,

End-stage renal disease (ESRD) is the image of a successtul
story of survival for an end-stage organ damage. No other
internal medicine derived specialty can report such long-
life span when the function of a vital organ is irreversible
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even in young adults [1]. Uremic syndrome does not lead to
death anymore, but cardiovascular complications are major
risk factors. In our effort to keep our patients alive, we are
interested in factors that impede a good evolution.

Mineral metabolism is commonly disturbed due to pro-
gression of chronic kidney disease and loss of kidney func-
tions. This can lead to cardiovascular diseases, especially
related to the high rate of vascular calcifications. Vascular
calcification is a consequence of calcium phosphate deposi-
tion into arteries, either in their intima or media layers. But
vascular calcification is not just a simple mechanical process,
it is a multifactorial phenomenon which induces a phenotype
switch of vascular smooth muscle cells to osteoblast-like
cells; this represents a subject of great interest for medical
research [2]. A disequilibrium between pro-calcification and
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anti-calcification factors contribute highly to this process
[3].

One of the most important anti-calcification factors is
osteoprote gerin (OPG). OPG is produced by osteoblasts
and can inhibit osteoclast activation. It is a soluble receptor
of receptor activator of nuclear factor-kB ligand (RANKL).
OPG raised the interest of many research groups, but there
is no consensus yet regarding its impact on hemodialysis
(HD) patients” outcome. Although OPG is an anti-calcifi-
cation factor, the results of clinical studies indicated poor
outcomes. Some papers linked OPG with the pathogenesis
of vascular calcification and atherosclerosis. Patients with
coronary artery disease or heart failure and high OPG had
an increased morbidity and mortality [4]. An association
between OPG levels and mortality is present in the general
population was the conclusion of a relatively recent meta-
analysis [5]. There is no consensus about the relationship
between OPG and cardiovascular morbidity and mortality in
HD patients, still raising questions regarding its role [, 6].

The association between ESRD and cardiovascular mor-
tality seems to be influenced through vascular alterations,
in particular atherosclerosis and vascular calcification [7].

We aimed to study the influence of both types of vascular
calcifications {medial and intimal), of OPG serum levels and
other specific factors on the survival time to all-cause and
cardiovascular death in chronic HD patients.

Patients and methods

The study was designed as longitudinal, prospective, and
analytical. It was carried on a randomly selected population
of chronic prevalent HD patients. The patients were dia-
lyzed in three sessions of 4-35 h every week, with synthetic
high-flux dialyzers. The dialysate respected the standards,
bicarbonate was the buffer, and heparin was the anticoagu-
lant agent. We included all prevalent, adult HD patients,
who agreed to participate to this study, and we excluded
the patients with severe infections, acute illness, neoplasia,
parathyroidectomy, previous renal transplant. Evaluation
at baseline comprised clinical data, as well as laboratory
assessment. We recorded data regarding patients’ charac-
teristics, as age, pender, HD vintage, presence of diabetes,
medical history, dialysate calcium, HD prescription and
medication. Treatment prescriptions were made according
to guidelines. HD adequacy was assessed through spKuv
and urea reduction ratio (URR). We calculated body mass
index (BMI), pulse pressure (PP} and ankle—arm index
(AAL). Osteoprotegerin (OPG) (human-OPG ELISA, Bio-
medica, Wien, Austria) serum levels were measured. Testing
of serum calcium (Ca), inorganic phosphorus (P), alkaline
phosphatase (ALP), intact parathyroid hormone (iPTH), pre-
and post-HD urea, creatining, albumin, C-reactive protein
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(CRP), bicarbonate, hemoglobin (Hb), ferritin, cholesterol,
HDL-cholesterol, and triglycerides levels, was performed.
Blood samples were drawn before the HD session.

Vascular calcifications were detected in carotid and
femoral arteries. The arteries walls were examined using
a 5-10 MHz linear transducer and real-time B mode and
Doppler functions were used. The operator was unaware of
patient’s clinical and biochemical data, to avoid biases. Arte-
rial intima calcifications { AIC) referred to calcified atheroma
plagues recognized as areas of focal intima thickening, with
hy perechoic protrusion in the vascular lumen and posterior
shadows. Multiple punctiform hyperechoic images in the
vascular wall, not protruding in the lumen represented the
aspect of the arterial media calcifications (AMC). Examina-
tion was done bilateral on common carotid artery, bifurca-
tion, internal carotid artery, common and superficial femoral
arteries, and calcification scores were calculated summariz-
ing the presence of the typical image on each examined site,
so the AIC and AMC scores ranged from 0 to 10.

Eighty-seven patients, with 47 males (53.87%) were
included. Eleven patients were smokers (12.6%) and 21
patients {24.13%) had diabetes. Arteriovenous fistula (AVF)
was the vascular access for 62 patients and 25 patients had a
central venous catheter. Mean age was 62.74 & 12.95 years,
mean HD vintage was 47.96 +49.36 months and a mean
spKY'V of 1.46 +0.22 was obtained. Vascular calcifications
were identified in 71 patients, 68% had AIC, 68% had AMC
and 54% had both. More about the baseline characteristics
and descriptive statistics are depicted in our previous cross-
sectional study [8].

Evolution, fatal events, death date and cause were regis-
tered. Patients were prospectively followed up for 6 years
(72 months). All-cause and cardiovascular mortality were
analyzed. Cardiovascular mortality was defined as death due
to pulmonary edema, heart failure, arrhythmia, ischemic
heart disease, peripheral artery disease and stroke. Their
frequencies were calculated. Impact of AIC, AMC, OPG
and different other factors on mortality was analyzed.

The statistical analysis was realized in IBM SPSS Statis-
tics 25.0 program. Data were expressed as mean + standard
deviation (SD), percentage, or median (25th—7 5th percen-
tile) for the follow-up period. To compare the means of inde-
pendent characteristics of two groups, we used Student’s
test or the Mann—Whitney according to the variable distri-
bution. For comparison of categorical variables, Chi square
test or Fisher's exact test was applied. Multiple regression
was applied between all-cause and cardiovascular mortality
and the potentially associated factors. Significant variables
in univariate analysis were entered into multivariate analysis.
Survival analysis was performed with Cox regression. The
hazard ratios and their 95% confidence intervals for all-cause
and CDV deaths were calculated. When the parameter was
found significant by Cox’s hazard model, Kaplan—Meier
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analysis was applied to compare two groups stratified by a
cut-off. According to the maximum of the Youden Index,
a cutoft value of OPG, AIC and AMC that best predicted
the all-cause and cardiovascular deaths was identified using
a receiver-operating characteristic (ROC) curve. Survival
analysis was performed with log-rank test, survival curves
were represented with Kaplan—Meier curve. Statistical sig-
nificance threshold was considered p<0.05.

Results

All-cause mortality was analyzed in our research group.
Among the 87 patients, 43 patients died (49.4%) due to
different canses, as cardiovascular events, or other causes,
which indicate to 8.23% annual all-cause mortality. Eight
patients died due to infections, 3 due to cancer, | due to
hemorrhage and 5 of unknown cause. Among all patients
included in the study, 26 patients died due to cardiovascular
causes (29.88% ). Cardiovascular death was produced by pul-
monary edema and heart failure in 8 patients, ischemic heart
disease and myocardial infarction in 7 patients, arrhythmia
in 3 patients, stroke in 4 patients and peripheral artery dis-
ease in 2 patients.

Comparison between the deceased and survivor groups
is presented in Table 1. We found positive significant asso-
ciation between all-cause mortality and age, male gender,
current smoking, coexistence of DM, presence of AIC and
AMC and a negative association with the treatment with Ca
salts (Table 1).

The results of univariate Cox proportional hazards regres-
sion analysis for all-cause and cardiovascular mortality in
all study patients are shown in Table 2. Univariate regres-
sion analysis showed that old age (p<0.0001), male pender
(p=0.03), diabetes (p=0.008), smoking (p=10.03), AIC
(p=0.002), decreased AAI< 1 (p=0.01), and low usage
of treatment with Ca salts (p=0.01) were associated with
increased all-cause mortality; there was a trend of associa-
tion between catheters as vascular access due to lack of AVF
and death (p=0.05). The relation between OPG levels and
survival time until all-cause death was tested, and no sig-
nificant association was found (p=0.07) (Table 2). Instead,
elevated OPG levels were associated with the decreased sur-
vival time in patients who died due to cardiovascular events
(p=0.03). In univariate analysis, cardiovascular mortality
was also associated with older age (p< 0.001), with diabe-
tes (p=0.03), increased AIC score (p=0.001), lack of AVF
as vascular access (p=0.03), low AAI (p=0.04) and low
prescription of treatments with Ca salts (p=0.02). Cardio-
vascular related deaths were associated with high AIC score,
but there were no significant relationships with AMC score
and serum Ca. P, ALP and iPTH levels (Table 2).

The cutoff value of OPG that best predicted the all-cause
and cardiovascular deaths was 4.9 pmolml with an area
under the ROC curve of 0.642 and sensitivity 69.76% and
specificity 59.1% (95% CI1=0.525-0.759, p=0.022). The
group with OPG < 4.9 pmol/ml consisted in 39 patients
and 13 deaths (survival rate=66.7%) and the group with
OPG = 4.9 pmol/ml consisted in 47 patients (54.7%) with 30
deaths (survival 37.5%) (Fig. 1). In 17 patients from survi-
vors” group (39.5%) and in 30 patients from deceased group
(69.8%), the OPG levels were = 4.9 pmol/] (p=0.005). The
Kaplan—Meier analysis showed that, from the group of 39
patients with OPG < 4.9 pmol/ml, 25.4% died due to car
diovascular causes and from the group of 48 patients with
OPG = 4.9 pmol/ml, 41.7% died due to cardiovascular causes
(p=0.004) (Fig. 2).

Regarding associations between AIC and AMC with out-
comes, we considered three categories of arterial calcifica-
tions for each type, according to the number of sites affected.
A score was calculated, and patients were included in one
group with no AIC or AMC, the second with a score from
1 to 4 and the third with a score trom 5 to 10. There were
no significant differences at AMC analysis; from survivors’
group, 22 patients (51.2%) had no calcification, 5 patients
(11.6%) had an AMC score of 14 and 16 patients (37.2%)
had an AMC scorez 5; from the deceased group. 19 patients
(44.2%) had no calcification, 13 patients (30.2%) had an
AMC score of 1-4 and 11 patients (25.6%) had an AMC
score = 5 (p=0.095). Regarding AIC, there were highly sig-
nificant difterences; from survivors: 21 patients (48.8%) had
no calcification, 13 patients (30.2%) had an AIC score of 1-4
and 9 patients (20.9%) had an AIC score> 5; from deceased:
6 patients (14%) had no calcification, 9 patients (20.9%) had
an AIC score of 14 and 28 patients (65.1%) had an AMC
score = 5 (p< 0L0001).

In Kaplan-Meier analysis, survival was 78.6% in no
AIC group (6 deaths in 28 patients), 59.1% in the group
with AIC score of 1—4 (9 deaths in 22 patients) and 24.3%
in the group with AIC = 5 (28 deaths from all 37 patients)
(p<0.0001) {Fig. 3). Kaplan—Meier analysis demonstrated a
significant association between AIC and cardiovascular mor-
tality (p=0.001). Cardiovascular mortality was 10.7% in the
group with no AIC, 22.7% in the group with an AIC score of
1—4 and 48.6% in those with AIC score 5-10 (Fig. 4).

Multivariate Cox regression tested the impact of OPG
and arterial calcifications on mortality. Covariates were
DM, smoking, the vascular access, AAl< 1 and treat-
ments with Ca salts. It demonstrated a significant asso-
ciation between all-cause mortality and increased age,
male gender, smoking, presence of diabetes, lack of AVF,
increased AIC, AAl< 1, low use of treatment with Ca
salts. As the age and gender are non-maodifiable factors,
they were removed from the model; afterwards, OPG and
AIC, but not AMC, entered in the model as risk factor
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Table 1 Comparison between the deceased and survivor groups

HD deceased (43 patients) HD survivors (44 patients) P
OPG (pmoliml) 5.9 (4.60-8.00) 4.5 (3.15-6.50) 0.103
Ape (years) 68 (62-74) 57 (32.50-68.50) <0.0001
HD vintage (months) 4426+ 3906 51.58+58.62 0457
Gender 46 males (53.5%) 28 (65.1%) 18 (41.9%) 0.031
Smoker 10 pts (11.6%) 8 (1R.6%) 2 (4.7%) 0.044
DM 21 pis (24.4%) 16 (37.2%) 5(11.6%) 0.006
AVF 61 pis (70.9%) 27 (62.8%) 34 (79.1%) 0.096
BMI (kg/m’) 27.12 (24.43-79.94) 26.67 (26.79-31.65) 0.855
PP (mmHg) &) (50-65) 50 (50-60) 0.970
AAlL 0.54 (0.380.74) 0.75(0.18-1) 0.375
AIC 6(3.5-9) 1(0-4) < 0.0001
AMC 4(1-6) 4(0-4) 0.037
Ca (mg/dl) BIR+0.44 B.31+0.55 0.527
P l.lTIgl'le 307 £ 1.67 5.18+1.72 0.762
ALP (UM 66(53-85) 65 (52-90) 0.653
iPTH (pg/ml) 23185 (147.90-421.70) 203.80 (107.80-353.70) 0472
Bicarbonate 17.56+3.67 1707 +3.00 0.499
Hb (g/dD) 11.58+1.11 11.53+1.43 0.847
Ferritin (ng/ml}) TT205 (477-897.80) T712.50 (673.30-937.95) 0.339
CRP (mg/dI) 0.90 (0.39-2.27) 0.88 (0.40-1.72) 0.839
Albumin (g/dl) 4.20 (4.04-4.42) 4.11 (3.97-4.32) 0578
Cholesterol lmg-'d.lr 159 (144.50-203.50) 161 (143189 0276
HDL-cholesterol (mg/dl) 4581+ 1206 4991 +13.50 0170
Triglyceride (mg/dl) 139 (107.50-211.50) 133 (84-173) 0260
Urea (mg/dl) 13301 +32.08 136.74+30.42 0582
Creatinine (mg/dl} B.60 +2.22 B43+ 238 0740
URR T0.57 (64.03-76.11) 7312 (68.59-77.19) 0379
spEuY 1.42(1.26-1.55) 148 (1.37-1.58) 0.379
Ca in HD solution 1.51 £0.14 1.53+0.13 0.432
Treatment with Ca salis—71 patients (82.6%) 32(74.4%) 39 (90.7%) 0.047
Treatment with vitamin D (calcitriol)—30 patients 16(372%) 14 (32.6%) 0.651
(34.9%)
Sevelamer—21 patients (24.4%) 11 (25.6%) 10 (23.3%) 0.802
ACEI—29 patients (33.7%) 16(372%) 13 (30.2%) 0.494
Betablockers—59 patients (68.6%) 32(74.4%) 27 (62.8%) 0.245
CCB—39 patients (45.3%) 19 (44.2%) 20 (46.5%) 0.829
Statins— 11 patients (12.8%) 4 (9.3%) 7(16.3%) 0.333

Legend: OPG osieoprotegerin; HD hemodialysis; DM diabetes mellitus; AVF arteriovenous fistula; BMI body mass index; PP pulse pressume:
AAT ankle-arm index: AIC arierial intima calcification; AMC arterial media calcification; Cacalcium; P phosphorus; ALP alkaline phosphatase;
iPTH intact parathyroid hormone; Hb hemoglobin; CRP C-reactive protein; URR urea reduction ratio; spKu'V =dialysis adequacy; ACES angio-
tensin-comverting enzyme inhibitors, CCB Calcium channel blockers. Data are expressed as mean + standard deviation and as median (25th-75th
percentiles) or percentages. Statistically significance is marked with bold characters

for all-cause mortality. The factors influencing cardiovas- Discussion

cular mortality were also analyzed in multivariate Cox

regression multivariate analysis. After removal of age  The quality of the arteries is a very important prognostic
and gender, OPG and AIC remained in the model, as their  factor for chronic HD patients; it has a great impact on

high levels are significant risk factors for cardiovascular  their health, disease, and survival. An increasing interest
mortality (Table 3).
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Table 2 Results of univariate
Cox regression analysis for

All-cause mortality Cardiovascular mortality

all-cause and cardiovascular HR (93% CI) P HR (95% CT) P
mortality

OPG (pmol'ml) 107 (0.99-1.16) 0.098 L10(1.01-1.21) 0.033
OPG > 4.9 (pmol/ml) 245(1.28-471) 0005 3.53 (1.42-881) 0.007
Apge (vears) 107 (1.03-1.100 < 00001 LI12(106-1.17) <= 0.001
HD vintage (months) 1,00 (0.99—1.00) 0388 100 (0.99-1.01) 0.54

Gender (males) 1.99(1.06-3.73) 0.03 1.24 (0.57-2.68) 0.58

Smoker 227 (1.054.90) 003 179 (0.62-5.21) 0.285
DM 226(L21-4.20) 0008 2.34(1.06-5.18) 003

AVF 0.54 (0.29-1.00) 005 0.44 (0.20-0.95) 0.03

BMI 0.99 0.94-1.04) 0.757 100 (0.94-1.07) 0.937
PP 100 (0.98-1.02) 0.546 100 (0.97-1.03) 0.926
AAl <] 0.33 0.16-0.79) 001 0.33 (0.11-0.96) 004

AIC score 118 (1.09-1.27) 0.002 L20(1.08-1.34) 0001
AMC score 113 (1.03-1.24) 0.013 L13 (1.00-1.28) 0056
Ca (mg/dl) .18 {@.67-2.09) 0.570 0.5 (0.41-1.80) 0.679
P (mg/dl} 0.95 (0.79-1.13) 0.546 1.02 (0.81-1.28) 0.E88
ALP (L) 100 (0.99-1.01) 0al4 1.00(0.99-1.01) 0.496
iPTH (pg/mil) 1.00 (1.00-1.00) 0642 100 (0.999-1 002) 0.346
Bicarbonate (mmol/T) 1.04 (0.94-1.15) 0421 1.07 (0.94-1.21) 0.421
Hb {g/dl) 1.03 (0.82-1.28) 0.823 1.04 (0.78-1.38) 0.803
CRP (mg/dl) 100 (0.999-1.001) 0618 100 (0.998—1.001) 0773
Albumin (g/dl) 1.03 {(0.91-1.17) 0.688 1.03 (0.86-1.22) 0.671
Cholesterol {mg/dl) 1.22 {D.46-3.28) 0.168 0.77 (0.23-2.60) 0.240
HDL-cholestzrol (mg/dl) 1.00 { 1L.OD-1.01) 0.183 1.01 (1.00-1.01) 0.523
Triglyeeride (mg/dI) 1.00 (0.999- 1.004) 0.176 10O (1LO0D-101) 0.688
Unza 1.0 (0.99—1.01) 0407 0.745(0.586-1.144) 0.255
Creatinine (mg/dl) 1.01 (D.89-1.15) 0.891 1.09(0.92-1.28) 0.325
URR 1.00 (0.96-1.02) 0.472 0.97 {0.93-101) 0.189
spKyv 0.61 (0.16-2.37) 0472 0.30{0.05-1.80) 0.139
Ca in HD solution 278 (0.31-25.11) 0.364 573 (0.34-96.91) 0.226
Treatment with Ca salts 0.40 (0.20-0.80) 0.01 0.38 (0.16-0.91) 0029
Treatment with vitamin D (calcitriol) .18 (0.64-2.20) 0.593 1.47 (D.67-3.20) 0.333
Sevelamer 110 (0.56-2.19) 0.779 0.96 (0.39-2.39) 0.929
ACEI 1.18 (D.64-2.19) 0.600 0.88(0.38-2.03) 0.765
Betablockers 153 {0.77-3.04) 0.223 1.19{0.52-2.74) 0.681
CCB 0.91 (0.50-1.66) 0.757 0.84 (0.39-1.84) 0.668
Statins 0.65 (0.23-1.83) 0416 0.84(0.25-2.80) 0775

OPG osteoprotegering HID hemodialysis: DM diabetes mellitus; AVF arteriovenous fistula; BM7 body mass
index: PP pulse pressure; AAJ ankle—arm index: AfC arterial intima calcification; AMC arterial media cal-
cification; Ca= calcium; P=phosphorus; ALP=alkaline phosphatase; iPTH intact parathyroid hormone;
Hb=he moglobin; CRP C-reactive protein; URR =urea reduction ratio; spKv'V =dialysis adequacy: ACES
angioensin-converting enzyme inhibitors, CCB Calcium channel blockers. Statistically significance is

markad with bold characters

on arterial structure and functions’ assessment can be
observed in everyday practice as a consequence of posi-
tive research results. The main strength of our study is the
prospective data of HD patients over a follow-up period of
72 months, in a group known to be at high risk of death.
In our study, the presence of arterial calcification was
identified as belonging to the atheroma plaques (AIC) or

being situated in the media of the arteries (AMC). These
are two difterent categories of vascular calcifications with
different consequences on arterial functions, broadly speak-
ing, vessel occlusion after AIC and stiffness in case of AMC
[9]. We demonstrated that severity of AIC, stratified on three
categories, was associated with all-cause and cardiovascular
mortality; AMC had no impact on outcome. The AIC were
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significant important factors influencing the outcome in our
HD patients. Other recent studies evaluated this relation.
Some authors used CT and radiograph to examine of the
arteries. The presence and extension of vascular calcifica-
tions, detected on coronary arteries and abdominal aorta,
predicted risk of all-cause death in patients starting hemo-
dialysis [10]. The aortic arch calcification was measured on
chest radiographs and its progression was associated with
mortality in HDY patients [11]. Ultrasound, as one of the most
valuable and also available tools, can easily detect morpho-
logical abnormalities of the vascular walls. Discrete modifi-
cations of carotid intima media thickness increase cardiovas-
cular mortality in peritoneal dialysis patients [12]. Different
scoring of AMC realized on ultrasound exam of the lower
limbs was associated with chronic complications of diabetes
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Survival time (months)

mellitus, especially the nephropathy [13]. There is a constant
conoern related to possible intervention strategies to prevent
and regress the vascular calcification in dialysis patients [14,
15].

Biomarkers may be essential elements influencing the
cardiovascular outcome of ESRD patients [16, 17]. We
analyzed, also, other factors impacting the mortality in HD
patients. One important biomarker in patients with chronic
kidney disease is OPG. Increased levels are present in ESRD
patients and indicate a crosstalk between the bone and ves-
sels in chronic HD patients [16]. In one of our previous stud-
ies, we demonstrated that increased circulating OPG levels
are associated with vascular calcifications [8]. The present
research identified a significant relationship between high
OPG serum levels and all-cause mortality in chronic HD
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Fig.3 All-cause mortality com-
parison between groups accord-
ing o AIC score. Survival in
no AIC group was 78.6%, in
AIC=1-4 group was 59.1%
and in AIC=5-10 was 24.3%
(p<0.0001)

Fig.4 Kaplan—Meier curve
illustrates 72-month survival
according o AIC score.
Cardiovascular mortality rate
was 10.7% in the group with
no AIC, 22.7% in the group
with AIC= 14 and 48.6% in
the group with AKC=5-10

Table 3 Multivariate Cox
regression analysis for all-cause
and for cardiovascular mortality
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Survival time (maonths)
All-cause mortality Cardiovascular mortality
HE (95% CI) P HE (95% CI) P
OPG = 4.9 (pmol/ml) 2976 (1.380-6.418) 0,005 5.838 (1.943-17.542) 0,002
AIC score 1797 (1.148-2.813) 0.01 2078 (1.145-3771) 0016
AMC score 1.331 (0.878-2.019) 0.178 1.476 (D.BB1-2.474) 0.139

OPG osteoprotegerin, AFC arterial intima calcification, AMC arterial media calcification. Covariates were
DM, smoking, vascular access, AAL treatments with Ca salts. Statistically significance is marked with bold

characters
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patients, after 6 years of follow-up. Cardiovascular mortality
was also significantly associated with increased OPG levels.
A literature-based meta-analysis involving a high number of
participants analyzed possible links between OPG and car-
diovascular outcomes in the general population: it concluded
that high OPG is associated with an increased risk of inci-
dent cardiovascular disease [5]. In predialysis chronic kidney
disease patients, OPG was declared a marker of cardiovas-
cular events and mortality [18-20]. Hemodialysis patients
were also studied and OPG was associated with mortality
[21, 22]. A recent research on HD patients demonstrated no
significant link between OPG and mortality [23]. All these
results may seem a medical paradox, as it was demonstrated
that OPG is an anti-calcification factor [24] and low OPG
maybe associated with poor prognosis in some HD patients
[25]. Studies have also demonstrated that denosumab, an
endogenous RANKL inhibitor which mimics the natural
action of OPG, may suppress the progression of arterial
calcifications [26, 27]. Further studies are warranted before
asound hypothesis for this seeming contradiction can be set.

We obtained other important results related to impact on
outcome. Our patients with no AVF, using a central venous
catheter as the vascular access for HD had an elevated all-
cause and cardiovascular mortality; this is a result consistent
some studies [28], but not with others [29]. Best survival
belonged to patients with AVFE.

The relationship between smoking and outcomes in HD
patients is not well understood. In our study, smokers and
diabetes had higher mortality rate. A retrospective cohort
study analyzed death at 2 years in HD patients and reported
that incidence rate of mortality for active smokers with dia-
betes was high and that death probabilities increased with
preater exposure to smoking [30].

We demonstrated also that AAT< 1 is associated with all-
cause and cardiovascular mortality. A low ankle-arm index
is a marker of atherosclerosis, and it can suggest stenosis
or thrombosis of the arteries in the lower limbs. Therefore,
this result indicates that atherosclerotic peripheral arterial
disease is a risk factor for death in ESRD patients. Studies
were generally inconsistent regarding this issue, but a newer
publication showed promising and similar results [31].

Treatment with Ca salts offered protection against death
inour HD patients. This is a controversial area, some authors
detected an increased risk of cardiovascular death [32], but
our results may be explained by a possible trend to better
control of mineral metabolism due to this treatment, even
thou the specific markers were not significantly correlated
with mortality.

There are also several limitations in this study. First,
including patients with both AIC and AMC could be mis-
leading. Second, relatively reduced number of patients
impede us to make a general statement about these results.
Finally, a single measurement of OPG, AIC, AMC and AAT

@ Springer

do not offer the possibility to assess their progression in rela-
tion with mortality. Further studies are necessary to address
this issue.

In conclusion, we assessed AIC and AMC on ultrasound,
OPG and other data with regards to predicting survival in
HD patients. Univariate analysis showed that high AIC and
OPG, age, smoking, diabetes, low AAI and lack of AVF
are associated with all-cause and cardiovascular mortality
in all study patients. In multivariate analysis, AIC scoring
and OPG predicted all-cause and cardiovascular mortality.
To improve the survival of dialysis dependent patients, it is
critical to understand the contributions of potentially modifi-
able risk factors. Hence, identifying AIC on ultrasound and
measuring OPG may provide benefit in survival prediction
in HD patients.
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Ahstract

Introduction  The life for end-stage renal disease patients
has remarkably improved in the last years. Although min-
cral and bone disorders remain as unsolved complication,
in severe secondary hyperparathyroidism (sHPT), the ulo-
mate treatment 15 parathvroidectomy (FTX) It 15 an old
treatment, but there are still insufficient data regarding sur-
vival after PTX. The study goals were to compare 2-vear
mortality and morbidity after PTX in surgically versus
medically treated sHPT and to compare the efficacy and
safety in subtotal versus total PTX in a cohon of panents
receiving hemodialvsis (HIY).

Methods  This prospective, longitudinal study was carried
out on a cohort of chronic HD patients with severe sHPT
(1PTH over 700 pg/ml). Among the overall HD popula-
tion, 26 patients underwent PTX. This group was compared
to a control group treated with specific drugs. Laboratory
parameters, specific symptoms and morality were reg-
istered after 24 months of follow-up for each group. The
subgroups of subtotal and total PTX patients were also
compared.

Results All average valoes of mineral markers were
significantly reduced after PTX, as a proof that surzical
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treatment was cffective. The reduction in mineral mark-
ers and the improvement in symptoms and mortality rates
were similar after total and subtotal PTX. Bone pain was
significantly lower in patients after FTX than in those drug
treated (p = 0U0003), but not muscle weakness and itching.
Survival at 2 vears was better in patbients surgically treated
{(PTX) despite significantly higher mean baseline values of
iFTH, Ca and ALP compared to patients medically treated
{p = 0.03).

Conclusions  We compared climcal and laboratory out-
comes i1 HD patients with severe sHPT. Monality, bone
pain and mineral markers were improved by PTX. Total
and subtodal PTX had similar clinical cutcomes.

Keywords  Parathyroidectomy - Secondary
hyperparathyroidism - Hemodial ysis patients - Survival

Introduction

Chronic kidney disease-mineral and bone disorder (CKID-
MBD) pathogenesis is multifactorial. It compnses meta-
bolic abnormalitics associated with chrome kidney disease,
and, also. the secondary effects of medical interventions.
There 15 no weal drug for preveniion and treatment and,
usually, multiple interventions are necessary to break their
pathophysiological chains.

There are immediate therapeutic targets such as preven-
tion of parathvroid gland hyperplasia, maintaining normal
serum levels of phosphorus (F) and calciom (Ca), skeletal
status and improving cardiovascolar cutcomes. There are
also long-term therapeutic targets such as reducing the nsk
of renal osteodystrophy, cardiovascular morbidity and mos-
tality and avoiding the occurrence of calciphylaxis [ 1. 2).
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Therapies in use, such as diet, modification of dialysis
characteristics, vitamin [ and calcium-based phosphate
binders, had a limited efficacy [3]. Recently, new drugs
such as sevelamer hydrochlonde, lanthanum carbonaie,
selective vitamin [ receptor activators, calcimimebics have
been included in our daly practice. They involve high costs
and. sometimes, do not solve the problem. Thus, in order
to make appropriate recommendations, we need to under-
stand the effects of available treatments. Even if the surgi-
cal intervention is an “old” treatment for renal secondary
hyperparathyroidism (sHPT), it needs further assessment
regarding efficiency and impact on mortality.

According o KDIGO guidelines, CKD-MBD manage-
ment 15 aimed to improve survival and bone outcomes. In
this spint, interventions on parathvroid glands are indi-
cated if parathyroid hormone (1IFTH) concentrations exceed
Bpg/mlL and are associated with hypercalcemia and
hyperphosphatemia refractory to medical treatment. How-
ever, this iIFTH concentration represents an arbitrary cut-
off value and, often, complications occur at lower levels of
iPFTH. There has been a trend to consider surgical interven-
tion earlier in the course of sHPT, particularly if the imag-
istic estimated weight of a parathyroid gland exceeds 300
or 1000 mg (normal 3040 mg), due to high probability of
nodular hyperplasia and autonomous secretion. Available
techniques are subtotal, total with implant or total parathy-
roldectomy (PTX) or ethanol percutancous injection. In
postoperatory peniod. monitoning and adequate treatment
are required [1, 4, 5].

A lot of studics analvze the impact of increased serum
levels of iIPFTH, P or of vascular calcificatons on moral-
ity in end-stage renal discase patients [6, 7). Sall, there are
few data regarding survival after PTX. One of the most
important studies addressing this issue was conducted by
Kestenbaum et al. [3]. They compared two large groups
of chrome dialysis patients with sHTP. First group under-
went PTX, and the control group was treated conservatory.
They concluded that shori-term mortality was increased,
and long-term mortality was reduced in FTX patients. They
raise some concerns about PFTX nsks regarding adynamic
bone discase and increased rate of recurrences. Also, hun-
gry bone syndrome should be a reason for concem [9].

In our area, PTX represented an infrequent medical
practice in the past. In recent years, due to surgical exper-
tise in this domain, the PTX rate has increased. Now, every
patient with severe sHPT can benefit of surgical approach.
Therefore, we consider that a comparison of severe sHPT
available treatment results is necessary.

The studv goal was to evaluate clinical outcomes up
to 2 year after parathyroidectomy in patients with severe
sHTP receiving hemodialysis. The objectives were to
assess the indication of PTX and the postoperatory evo-
lution, to compare the long-term morality in surgically
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versus medically treated sHPT and to compare the efficacy
and safety through survival rate in subtotal versus total
PTX.

Patients and methods

This prognostic study was carned out on a cohort of
chronic hemodialysis pabients with severe sHFT. The
method of data collection was exposed—unexposed. This
was a prospective. longitudinal stody. Among the over-
all 2200 HD patients population in the Nefromed Dialysis
Center, 56 patients had an 1FTH over 700 pg/ml associated
with hypercalcemia and hyperphosphatemia or refractory
to medical reatment. We have indicated parathyvroidectomy
to these patients. Twenty-six patients accepted the interven-
tion. Eligibility criteria were patients prevalent in dialysis
who accepted the study protocol and underwent FTX, age
=18 vears and iIPTH over 700 pg/ml.

Exclusion criteria were previous renal transplant and
refusal of the study protocol. All patients who met the cri-
teria were recruited in the study as exposed. They were
included in the study from the day when the surgical inter-
vention was performed.

PTX was performed in the Department of Surgery of our
Emergency County Hospital. The selection for PTX and the
intervention penod lasted 4 months. For the PTX group,
the climical and biochemical assessment was realized in the
preoperative hours, after 2, 12 and 24 months. The type of
intervention was mentioned, either total or subtotal PTX.

The unexposed group consisted in 26 patients with 1FTH
over 700 pg/ml, without surgical intervention and treated
with specific drugs. The surgical intervention was proposed
o these patients also, but they refused or postponed 1t due
o personal reasons. The medically treated group was clini-
cally and bicchemcally analyzed at the beginning of the
study. Medication for decreasing IPTH consisted in calcium
carbonate, calcium acetate, sevelamer hvdrochlonde and
calcitriol. These drugs were prescnbed and dose-adjusted
according to serum Ca, P and iPTH levels.

These two groups were compared. Four patients refused
to participate in the study.

Clinical data (age, gender, HD) vintage, treatments with
phosphate (P) binders and vitamin I derivates, medical his-
tory—the presence of diabetes mellitus, arterial hyperen-
sion and of the cardiac failure) were recorded. Serum cal-
cium (Ca), inorganic phosphorus (P), alkaline phosphatase
{ALP), intact parathyroid hormone (IPFTH—Roche second-
generation assay), albumin, C-reactive protein (CRF) and
hemoglobin (Hb) were measured.

The follow-up peniod was 24 months for each group.
The number of deaths was recorded. The symptoms such
as bone pain, muscle weakness and pruntus were recorded
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at the beginning of the study and in the follow-up penod.
The severty at the tme of assessment of cach symptom
was rated from 0 to 10 on a nomencal scale, () meaning that
the symptom is absent and 11} that 1t is of the worst possible
seventy. The patient’s opinion of the seventy of the svmp-
toms was the “gold standard™ for sympiom assessment.

Staristical aralvsis was performed wsing SPSS 190
program. Normal distibution was tested with the Shapiro—
Wilk test. Values are expressed as mean £ standard dewvia-
tion (30 and median (interquartile range). For comparison
of two means of independent samples, ¢ test or Mann—What-
ney test was used. As a method of muliple comparison of
dependent vanables, repeated-measure ANOVA  (Hotel-
ling's trace test or Greenhouse—Geisser test) or Fnedman
test was wsed. For comparison of gualitative vanables,
Chi-square test or Fisher's exact test was emploved. Sur-
vival analysis was performed with Cox regression; survival
curves were represented with Kaplan-Meier curve. Statisti-
cal significance threshold was considered p < (L05.

The siudy was approved by the Ethical Commitice of
our University and is in accordance with the ethical stand-
ards of the Declaration of Helsink: of 1973 revised in [983;
each patient signed an informed consent.

Results

Mean age in PTX group was 51.62 £ 992 years with a
mimmum of 33 vears old and 8 maximum of 67 years old;
HD vintage was 110.42 £ 71.36 months with a minimom
of 16 months and a maximum of 324 months; the group
consisted in 14 females and 12 males. Medically treated
group (non-PTX) was composed of 6 females and 20

males. It had a mean iIPTH of 1416.2, with a minimum of
TI8 and a maximum of 2676 pg/ml (Table 1).

We compared PTX and non-PTX groups. PTX group
included significantly more females and increased HD vin-
tage. Serum 1PFTH, Ca and ALP levels were increased in
PTX group; mean values for age, P, CRP, Hb and albumin
were not significantly different.

In PTX group., mineral markers had significantly
decreased after 24 months. These decreases of mineral
markers were not sigmificant in non-PTX group (Tables 2,
3). Two vears after PTX, 3 patients (11.53 %) had iPTH
within the target limits, 9 paticnts (34.6]1 %) had val-
wes of iFTH < 150 pg/ml, and 14 patients (53.84 %) had
1PTH = 300 pg/ml. It can be chserved that the mean value
of iIPTH at 24 months afier intervention remained still high.

For PTX patients, the evolution of symptoms was as
follows. Bone pain was present in all 26 panents ( 100 %),
Improvement was observed in 20 paticnts (77 %), Muscle
weakness was present in 21 patients (B0.76 %), and 1t had
been improved in 9 of 21 patients (4285 %). Pruritus was
present in 9 patents (34.6]1 %), and it had been improved
in 5 of O patienis (5555 %). The evolution of symptoms
for non-PFTX patents was different. Bone pain was pre-
sent in 23 patients (96.15 %), and it had been improved
in & patents (24 %), Muscle weakness was present in 18
patients (692 %), and it had been improved in 6 of 18
patients (3333 %), Pruntus was present in |2 patienis
{46.15 %), and it had been improved in 3 of 12 paticnts
{3333 %). The degree of improvement In symptoms was
compared, and only bone pain was significantly decreased
after PTX wversus medically treated group (p = (L0005,
IDnfferences between the two groups regarding the improve-
ments in muscle weakness (p = 0.78) and pruritus
{p = 0.20) were not statistically sigmificant (Table 4).

Tahle 1 Baseline

r istics of the patients Parameter PTX treated group Non-PTX treated growp r
Aga (years) 5162 + 092 4965 +11.49 .51
Cender—no females (%) 14 (53.84 %) & (23.07 %) g
Presence of DM (%) 623 %) 8 (30.76 %) 0.38
Presence of HTA (%) 0 (7603 %) 17 (6538 %) 045
Presence of cardiac failure (%) 41538 %) 31053 %) 064
HD vintage (months) 10550 {56.75-155.50 A 150 (280010550 oz
iFTH {pml) 1037 (1581.75-3146.75) I282.5 (B48.25-1901.5) L0
Ca {mg/idl) D34+ 0ES B.68 004 .oy
P {mg/dl) T.d4 £ B3 6.58 x 1.90 0.9
ALP (L1} 612 (375-1170.5) 336(41-552.5) LTI
Albumin (g/dly 403 x031 4.16 £0.20 oIl
Hib (gl 1132 £2.01 11.81 £ 0003 027
CRP img/dl) 1.21 (0.5-2.32) 1.05 (0.34-1 .90 045

Data were expressed as mean + 5D for parametric variables, as median (25th-75th percentile) for nonpara-
melric variables and as frequencies for qualitative variables

Statistically significance is marked with bold characters
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Table 2 Evolution of biechemical parameters in FTX group

Parameter Preop (i1} Post-op at 2 months (20 Post-op in 12 months (13)  Post-op in 24 months (43 p

iFTH {pg/ml} 246477 £ 123031 TTI4.73 £ 1194938 () 653,62 £ 93518 (b Td6.14 £ 1141 a) <t
Ca {mg/dl) 0.34 085 540 £ 0.88 () BI5 X 14T 8.36 £ 0.93 (g} 001
P (mg/dl} T4 £ 183 520+ 1.96(ch 5.70 = 1.B5 (b 5.80 £ 1.46 (g} 02
ALP (LVT) QETRI £ 112302 53333 £434M 19013 £ 119.22 (b 146.33 £ 114.35 {ad (D
Albwmin (gfdl) 403 +031 432+ 1.09 417 +037 124 02 N

[rala are expressad as mean =+ S0, (@) = ] vs 14 p < 0.05; (b) = 11 vs 13 p < 0.05; {c) = 11 vs 02 p < 0.05; {d) = 12 ve ¢ p < 0.05; (e) = 12 v 13
D05 (=103 vs M p«< 005

Statistically significance is marked with bold characters

Table 3 Evolution of biechemical parameters in FTX group versus non-FTX group

Parameter PTX treabed group MNon-FTX treated group il
4 fE] 4 4] ] t

iPTH{pg/ml) T774.73 £ 119038 (c) £53.62 4+ 03518 (b) T46.14 £ 1141 (a) 1109 £332.44 ER7 +ATEOR ORT 23+ 107643 Q9

Ca (mg/dl) 840 £+ 058 8354147 836 2093 et B45+09 B43+ 08 045

P (mg/dl) 520 % 1.964c) 571+ LES(b) 5.80 + 1.46 (2 5M+145 522+£1.34 525+ 133 Ly

ALP (LT} 53333 £ 4343 19013 £ 11922 {b) 14633 £ 11435 (a) 43444+ 324123782 £ 1737 4982+ 4324 076

Albumin (gfdly 432 £ 109 417 £ 0.37 41+ 026 412+ 1.1 4.18 £ 0.56 422+ 026 013

Drata are expressed as mean £+ SI. (a) = 12 vs i3 p < 0U05; (b) = 12 vs #4 p < 0.05; () = 13 ve id p < QU0

Table 4 Clinical features 1 T f -

afier ireatmant for seco ) Symplom PTX (no. 26) Non-FTX (no. 26) P

hyperparathyroidism Bone pain improvement—no pis (%) W26 (7T %) 625 (24 %) LS
Muscle weakness improvement—ao pis (%) W21 (B0.T6 %) &18 (55.55 %) 0TE
Pruritus improvement—no pis (%) A (5555 %) 312 (33.33 %) 020

Santistically significance is marked with bold chamciers

Subtotal PTX was performed in 19 patienis, includ-
ing 12 females (7058 %) Mean age in sPTX group
was 3115 £ 252 years, and mean HD vintage was
1023 + 362 months. Total PTX was performed in 7
patients. Total PTX was not followed by auwtotransplant.
Total PTX group included 2 females (28.57 %); the mean
age was 329 + 6.72 vears, and mean HD vintage was
1319 &+ 1049 months. Biochemical features after total
PTX versus subtotal PTX were not significantly different.
Bone pain was alleviated in @ of 19 patients (4736 %) in
sPTX group and in 5 of 7 patients (71.42 %) in tPTX group
(p = 0.39). Muscle weakness improved in 4 of 16 patients
(23 %) in sPTX group and in 2 of 3 patients (40 %) in
tPTX group (p = 0.5%). Pruntus improved in 3 of 6 patients
(50 %) in sPTX group and in 2 of 3 (66.66 %) in (PTX
group (p = 0.B9).

At 24 months of follow-up, 12 non-FTX patients and 4
PTX patients deceased. Two-vear survival rate was 846 %
in PTX group (22 paticnts survived) and 53.8 % in non-
PTX group (14 patients survived). The difference in sur-
vival between the two groups was analyred with Cox
regression test. Mon-PTX group had a higher mortality nsk
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than FTX group (p = 0.043; HR 3.27, 95 %CI 1.04-10.30).
The other mineral parameters included in the study did not
increase the mortality risk (Table 5). The presence of DM
and increased levels of CRP represented also predictors for
micrtality. Kaplan—Meier curve illustrates survival differ-
ence (Fig. 1) In subtotal PTX subgroup. 3 from 19 paticnis
deceased (survival of 84.2 %) In total PTX subgroup, 1
from 7 patients deceased (survival of 85.7 %). The differ-
ence between death rates was not significant (p = (LTE).

Discussion

Or study reached its goal and established that PTX offers
a long-term survival advantage over medical therapy for
severe sHPT. There are concems that PTX can dramatically
reduce serum iPFTH and P levels, factors closely related to
micrtality. At the present time, no randomized clinical trial
data demonstrated the benefits of PTX, and the relationship
between PTX and mortality is not clear encugh to become
a guideline recommendation [10). Survival analysis of
our patients by therapeutic option revealed better survival
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Table 5 Difference in mortality

between PTX sad non PTX Parameter Univariate analysis® Multivariate analysis®

groups: multivariate analysis HR (95 % CI) P HER (05 % CI) r
Intervention (HR for non-FTX) 327 (1.04-10.3) 0043 15000.09-11.18) 035
Ape (years) 1.0% {0.0E—1.08) 0310 .06 (0.90-1_18) 0341
Gender 337 (0051195 0.060 10T (0.98-10.45) 0122
Presence of DM 363 (1.31-10.03) ] e JE5(L.34-11.02) iz
Presence of HTH 144 0D 46-4.53) 0.531 1.22(0.42-3.63) 0.643
Presence of cardiac failore 092 40.33-2.53) 0.360 0.82 04515 0.688
HI} vintage {moaths) 100 (02010005 0.334 1.00 (0.99-1.80) 0.243
iPTH (paiml) 100 100 1.000) 0168 1.0Z (090110 0130
Ca (mg/dl) 073 400.44-1.27) 0.231 071 (0.38-1.18) 0.308
P imgfdly 1204052 1.56) 0180 1.24 (D.89-1.52) 0128
ALP (LT 1080 o 1000104} 01z 1.00 (1.00-1.00) o1z
Albumin {g/dI) 043 {0.09-2.08) 0.204 051 (0.12-2.12) 0314
Hb {g/dl} 0L7440.52-1.07) 0111 0.70 (0.50-1.14) 0123
CRP (mg/dl} | A7{(1.23-2.83) 0,030 1.BE (L.11-3.1% nole

HR hazard ratio, CI confidence interval, PTX parathyroidectomy, DM diabetes mellitus, HTN hypertension,
HI} hemodialysis, Ca calcium, P phosphors, ALP alkaline phosphatase, Hb hemoglobin, CRP C-reactive

protein
* Cox univariale regression

* Cox multivariate regression (ENTER method) with intervention, DM and CRP as independent predictors
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Fig. 1 Kaplan—Meier survival curve illustrates 24-month swrvival in
PTX versus non-PTX group. Survival rate was 84.6 % in PTX group
and 338 % in non-PTX groap (p = 0.01)

at 2 wvears of surgical patents compared o those treated
medically for sHPT. This survival advantage 1s even more
important, while the mean values of serum 1FTH, Ca and
ALP were significantly higher in FTX group at baseline
assessment. A recent study realized on natonwide sample
of patients receiving HD assessed the clinical events up
to | vear afier PTX. Morbidity was sigmficant duning the

PTX hospitalization and the vear after intervention compar-
ing with the year before surgery. In conclusion, the authors
recommend caution in the indication of PTX [11]. In con-
trast to the previous study, a Japanese nationwide case—
control study evaluated dialysis patients with severe sHPFT.
It demonstrated that 1-year mortality rate was significantly
higher among patienis without a history of PTX compar-
ing with those with a history of PTX [12]. Even if shori-
term mortality, mostly in immediate postoperative period,
was increased, decreased long-term mortality was the main
result in other studies [#, 13]. Trombett et al. [14] suggest
that the survival advantage of patients after PTX 15 because
healthier patients with fewer comorbidities are selected for
the intervention. Other studies report beneficial effects of
protection against cardiovascular events and deaths that
occur after PTX treatment [ 15-18].

The presence of DM and increased levels of CRP rep-
resented alse predictors for montality. These resulis are in
concordance with previous studees [ 19, 201].

There are & number of dilemmas regarding PTX,
in relation with the type of intervention, efficiency and
safety. Some studies estimate PTX as efficient and safe
[4. 18]. Other authors consider that the adverse events
nzk iz too high and recommend medication as preferable
[@, 21, 22]. In our study, mineral metabolism markers did
not decrease after medication. We consider the surgical
treatment as being efficient, because median values of
all mineral metabolism markers (Ca. P, ALP and 1PTH)
have been significantly reduced afier PTX. Although it 1s

€1 springer
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worth noting that only a minonty reached the targets for
optimal iIPTH, the rest had too small or remained with
high values. This increased percent of patients with rem-
nant sHTP could be due to higher number of sPTX and
to its lower efficiency versus tPTX. These results empha-
size the existing concerns about the effects of PTX [11,
21). In terms of improving symptoms, bone pain has
been significantly improved in patients after PTX than in
those drug treated. Differences between the two groups
on improving muscle weakness and alleviating pruritus
were not statistically significant. Cheng et al. [23] study
applied a 13 symptoms guestionnaire in patients with
sHPT. They demonstrated that PTX is associated with
marked improvement in all symptoms and in guality of
life.

The optimal surgical treatment of sHPT has not been
clearly defined. Subtotal parathyvroidectomy (sPTX) is
the resection of 3% parathyroid glands, with a remmant
left in situ. Total parathyroidectomy (EPTX) 1s the resec-
tion of all four parathyroid glands and i1s often accom-
panied by autotransplantation of a porbon of a normal-
appearing gland, wsually into the forearm [24]. Both
sPTX and tPTX with autotransplant are acceptable sur-
gical treatments [25, 26], although new techniques have
been developed [27). Studies recommend total PTX [28]
or subtotal PTX [29, 30] considening recurrence rate,
also the risk of adynamic bone disease, hungry bone syn-
drome or other electrolyte disturbances [7, 31]. Reduc-
tions in iIPTH and ALP were significantly more impor-
tant in the group with total PTX versus subtotal PTX.
Differences regarding alleviating symptoms were not
significant; total and subtotal PTX improved symptoms
in a similar manner. Mortality rates were similar in the
two subgroups of patients with total PTX and subtotal
PTX. Resulis were similar with those from a large study
of Kuo 2015 et al. [32) comparing 30-day morbadity after
sPTX and tPTX. They found no difference in the 30-day
morbidity, mortality or readmission rates between the
two treatments.

sHPTH treatment 15 nowadays an issue, far from
being solved. PTX 1s regarded as an ulumate therapeutic
resource. It 1s used for refractory sHPT, but often turns out
tov be either too radical or relatively ineffective. Bringing
harmony between pharmacological therapies and interven-
tionz on parathvroid glands, we should expect 8 more effi-
cient management of CKD-MED, leading to a decrease in
mortality and morbidity in these patients,

In this study, it iz worth noting that the long-term ben-
efits of PTX versus medical treatment occur at & threshold
of IPTH even lower than established by the guidelines as
a recommendation o FTX. Given that bone and vascular
complications are hardly reversible, when sHPT 15 severe
and mineral and bone disorders are advanced, 1t makes

41 springer

sense o act not only medically, but also surgically from
carlier stages of the discase.

Although prospective, the study has the limit of reduced
number of patients. It restrains us to generalize the resulis.
Other himit of the study is the increased number of patients
outside the targeted levels of IPTH with high risk of ady-
namic bone discase or recurrence of the sHPT. The lack of
possibility to use lanthamum carbonate, selectve vitamin [
receptor activators and calcimimetics represents also a limat
of our study.

Conclusions

All average values of mineral markers were sigmificantly
reduced after PTX, as a proof that surgical treatment was
cffective. Total PTX was more effective than subtotal
PTX regarding lowernng iPTH and ALPE but the degree of
improvement in symptoms and mortality was similar after
both types of surgery. Survival was better in patients surgi-
cally treated (PTX) compared to patients medically treated.
Thus, successful PTX may reduce the nsk of morality in
HID paticnts with severe, uncontrolled sHPT.
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Introduction  Chronic hemodialysis (HD) patients
have bad prognosis and cardiovascular diseases
(CVD) represent their main threatening complication.
Fibroblast growth factor (FGF-23) has been associated
with all kinds of evil consequences, including cardio-
vascular morbidity, but some studies demonstrated the
contrary. Therefore, it 1s important to know whether
FGE-23 1s associated with cardiovascular nsk or
protection. The purpose of this study was 1o assess the
links between FGF-23 and intmal vascular calcifica-
tion (VC) and with the presence of CVD inchronic HD
patients.

Patients and methods  This study was carned out on
a cohort of randomly selected 88 prevalent HD
patients. We recorded demographical, chnical, and
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biochemical data, meluding FGF-23. VO was evalu-
ated on carotd ultrasound. CVD were registered.
Resuts The mean age was 5968 £ 14.49 years, HD
vintage was 59.61 + 5239 months, and 20 patients
were diabenc (2272 %), VO was present in 54
patients (61.4 %) and 25 patients (284 %) had
CWVD. FGE-23 correlated positively with HD vintage
(r=0.37; p=0001) and PTH (r=1021;
p = 0L.048). FGF-23 did not correlate with VC score.
Patients with CVD were older (p = 0L.006), had lower
FGE-23 (p = 00008), higher VC score (p = 0.009),
lower Hb (p = 0.008), albumin (p = (L003), and
creatimine (p = 0.03). Low FGF-23 was identified as
a nsk factor for CVD.

Conclusion We rmeport on a novel association
between low FGF23 and CVD in chromic HD patients
and a lack of correlation of FGE-23 with VC. FGF-23
could play a role in candiovascular protecton that
remains to be confirmed in larger studies.

Keywords  Hbroblast growth factor 23 - Chronic
hemodialysis - Vascular calcification - Cardiovascular
diseases

Introduction
In spite of increasing research and care for end-stage
renal disease patients, their mortality 1s still very hagh,

exceeding 20 % per year [1]. The main cause of
mortality 18 the cardiovascular diseases (CVD) which

@ Springer



Int Urol Nephrol

was often associated with vascular calcification (V)
[2]. ¥Cis highly prevalent in chromie dialysis patients
as we have reported already [3]. Mineral and bone
disorders frequently contribute to accelerated VC and
CVD, and we have demonstrated that medial VC
represents a consequence of increased intact parathy-
rowd hormone levels (1IPTH) [3]. Caleification of the
media of the anerdes and intimal calcification which
affects the advanced atherosclerotic plaques can be
distinguished and this may be important in view of
their different clinical consequences [4]. From a
prognostic point of view, the distinction between
intima and media calcification appears to be useful as
well. London et al. [5] have shown that maintenance
hemodialysis (HD) patients with predominant intima
calcification have a higher relative risk of mortality
than those with predominant media calcification,
whose melatve nsk in tum 15 much greater than in
those with no calcification. Therefore, the study of
factors affecting intimal VT is important as well.

Fibroblast growth factor 23 (FGF-23) is a novel
discovered biomarker which incre ases renal phosphate
excretion and decreases circulating 1,25-dihydroxyvi-
tarmin DY econcentrations. In recent years, there has been
an increasing awareness of the regulatory role of FGF-
23 in mineral metabolism [6] and is particular
prominence in patients with chronie kKidney disease
(CKD). FGF-23 1s a hormone secreted by osteocytes
and osteoblasts and achieves target cell specificity
through binding to FGF receptor-Klotho complexes.
Some studies support that this bone-derived hormone
is linked o early changes in vascular functon, arterial
stiffness, endothelial dysfunction [7]. higher athero-
sclerosis score [8], predisposing o an increased
cardiovascular risk [9] or to peripheral vascular
calcification and coronary artery calcification score
[10, 11]. Our previous work indicated also close
pathogenetic links between bone disease and medial
VO in chrome HD patents [12].

Emerging data suggest a potential of FGF-23 1o
identify CKD patients at high risk for cardiovascular
disease and death | 13-16] and those who might benefit
from early phosphorus-related therapies, such as
phosphate binders, active vitamin D, and cinacaleet
[17, 18]. On the contrary, animal studies demonstrated
that FGF-23 null mice develop VC and FGF-23 is
proecuve aganst VO [19]. Also, there are chmcal
studies that have demonstrated the lack of any
correlation between BFGF-23 and VC [20]. Since
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alterations in mineral metabolism are associated with
mereased cardiovascular morbadity and mortality in
CED[10, 15], 1t is important 1o know whether FGF-23
15 directly associated with cardiovascular risk or
protection. In overall acmal medical research litera-
ture, also, more evidence is required to clarify these
1S50es.

The purpose of this study was to test the links
between FGE-23 and intimal atherosclerotic plagues
calcifications and between FGE-23 and the presence of
cardiovascular diseases in chronic hemodialysis
patients. We intended also to detect other risk factors
for cardiovascular diseases in hemodialysis patients.

Patients and methods

This study was cross-sectional; 1t was carried out on a
cohort of mndomly selected HD patients treated in
Nefromed Dialysis Center Cluj-Napoca. Among the
overall HD population of 190 patients, 88 were
recruited. Eligibility criiena: patients prevalent in
dialysis, age =18 years, patients from the moming
shift, acceptance 1o the study protocol. Exclusion
crteria: life expectancy less than 6 months, parathy-
roidectomy, previous renal transplant. We recorded
data regarding demographical and clinical character-
istics (age, gender, HD vintage, presence of diabetes,
dialysate calcium (Ca), HD prescription, treatments
with phosphates (P) binders and vitamin D derivates;
medical history, cardiovascular diseases). A panel of
markers was measured: serum caleium (Ca), inorganic
phosphors (P), alkaling phosphatase (ALP), intact
parathyroid hormong (iPTH—Roche second-genera-
tion assay), urea, albumin, and C-reactive protein
(CRP); fibroblast growth factor 23 (Human FGF-23;
ELISA; Uscen Life Science Inc., Wuhan, China). Blood
samples for the biochemical evaluation were drawn
prior o the HD session. Laboratory lests were
performed in a central laboratory. All the samples
werne laken before amidweek session in the same week
of the echographical study. Hemodialysis adequacy
was assessed using the clearance of urea (spKu/'V) and
urea reduction ratio (URE). These were calculated
using the next formulas: spKUV = 2.4%(1 —urea post-
HD/urea preHD)—0.276 and URR = (1—urea post-
HD/urea preHD) * TI0L

Carotid vascular caleifications were evaluated on
ultrasound, using the LogicScan 64 digital portable
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ultrasound machine (Telemed, Lithuamia) with a
5-10 MHz linear transducer. The ultrasound examiner
was blinded o the climeal and laboratory data. We
examined three segments of the arteries (bilateral):
common carotid artery (1 cm proximal to the carotd
bifurcation), bifurcation (1-2 e¢m), and mtemal carotid
artery (1 cm distal to the bifurcation). The blood
vessels were studied using real-time and color Doppler
sonography through longitudinal and transversal sec-
tions. The intra-observer meproducibility of this
assessment was assured wsing 2 consecutive ultra-
sound exams; in case of discordance, a third exami-
nation was performed in order to settle the right result.
The VC was considered to be calcified atheroma
plaques, mepresented by hyperechoic images with
posterior shadows in the artenal walls. The VC's
presence was recorded. Among patients with VC, a
VC score was counted ranging from ) (no calcifica-
tion) to 6 (calcification of all artery sites examined
from both sides).

Cardiovascular diseases (CVD) were defined by
ischemic heart disease (acute myocardial infarcton,
angor pectors, and posiive coronarography), heart
failure, stroke, heart failure, arthythmia, aortic aneu-
rysm, and peripheral artery disease. The CVD diag-
nosis was established by a specialist (cardiologist,
neurclogist) and the consultation’s document was
attached o each patient’s chart.

Stanstics

For continuous factors, data were expressed as
mean =+ standard deviation (SD) if variables had
normal distnbution and as median (interquartile
range) if the distribution was not normal. Data were
expressed as frequencies for qualitative variables. For
conunuous variables, the stanstcal comparison was
performed using ¢ test or Mann—Whitney Rank Sum
Test. Chr square or Fisher exact test evaluated the
relation between gqualitative variables. The Kolmogo-
rov-Smirnov test was employed for the continuous
variables to compare the observed cumulative distri-
bution function with the normal distribution. Para-
metric  (Pearson) and nonparametric  (Spearman)
correlations were determined. Muluvariable regres-
sion, stepwise method, and logisie models were
performed to examine the relationship between the
CVD/IVC with FGF-23 and clinical and biochemical
parameters. A p value <0005 was taken as statistically

significant. All swatistical analyses were performed
using SPS5 13.0 statstics packages.

Ethical issues: All patients gave their informed
consent. Their privacy was respected. The study
protocol was approved by the University Ethics
Committee.

Resulls

The overall HD population in Nefromed Dialysis
Center consisted in 190 HD patients. Among them,
19.12 % had diabetes. Eighty-eight patients entered in
the study, 45 were males (51.13 %) and 2} patents
were  diabenc (2272 %), The mean age was
59.68 + 1449 years, ranging from 20 to 87 years.
They had been on HD for between 3 and 253 months,
with a mean of 59.61 £ 52.39 months (Table 1).
They achieved mean spKu'V of 153 £ (.28, being
on a standard hemodialysis schedule of 3 = 4 hiweek.

Table 1 Demographical. clinical and biochemical parameters
of the total study population

Parameter All BB patients

Age (veas) 6l (53-71.75)

HD vintage (months) 48 (29-65.5)

Male gender (%) 5113

DM (%) 22.72

FGF-23 (pg/ml) 43.5 (B.1-72.7)

VC scom 2 (0-5)

URR (%) 75.96 (69.54-80.16)
spKLV 154 (1.39-1.64)
Bicarbonate (mEg/T) 23454+ 312
Calcium (mg/dl) 9.06 (8.68-9.46)
Phosphate (mg/dl) 4444 131

iFTH (pg/ml) 267.6 (149.8-552.1)
ALF (UL} 75.96 (56.09-100.97)
Hb (g/dl) 11324 14

Ferritin (ng/ml} 56404 (334.62-B07.88)
CRP (mg/dl) 0.66 (030-1.36)

Albumin (g/dl)
Creatinine (mg/Adl)

386 (3.62-4.04)
BA3 4L 2M

HO hemodialysis, DM diabeies mellims, FGF-23 fibroblast
growth factor 23, VO score vascular calcification scome, URR
urea reduction ratio, spKeV urea clearance, (PTH parathyroid
hormone, ALP alkaline phosphatase. Hb hemoglobin, CRP
C-reactive protein
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Dialisate Ca had a concentration of 1.25 mmol/l in 31
patients (35.2 %), 1.5 mmol/l in 45 patients (51.1 %),
and 1.75 mmol/l in 12 patients (13.6 %). Regarding
treatments for mineral metabolism, 47  patients
received calcium-based phosphates binders (334 %),
20 patents received  sevelamer  hydrochloride
(22.7 %) and 20 patents recerived vitamun D com-
pounds (227 %). Twenty-five patients (28.4 %) had
CVD. Hypertension was diagnosed and treated in 63
patients (71.6 %). Carotidal VO was present in 54
patients (61.4 %). Serum FGE-23 levels ranged from
7.6 to 290.8 pg/ml.

FGE-23 comrelated posidvely with HD vintage
(r=037; p=0001) and 1PTH (r=1021:
p = LM4E). FGF-23 did not correlate with the sevenity
of VC score (r = —0.06; p = 0.57) or serum P levels
(r = —L1 p =0.37). VC scores correlated posi-
tively with age (r = 0.50; p << 0.001) and negatively
with albumin (r = —0.21; p = 0.05).

A companson  between the patients with and
without CVD was performed. Sermum FGF-23 levels
were significantly lower in the group of HD patients
with CVD (p = (LO0E).

Patients with CVD were older (p = 0.006), had
significantly more calcified plagues (higher mean VC
score) (p = 0.009), and were more anemic (lower Hb)
(p = 0008). The panents with CVD were mone
affected by protein malnutrition (had lower albumin
(p=0003) and creatiming levels (p = 0.03)). The
number of diabetics was significantly higher in the
group with CVD (Table 2). The HD efficacy was not
different between the two studied groups.

All the studied parameters were introdoced in
logistic regression stepwise method for CVD: age,
FGE-23, and albumin entered in the equation. The
enter method introduced 1n logistic regression only
factors significant on univariate analysis and impor-
tant factors for CVD; it found only FGF-23 as
significant predictor for CVD (Table 3).

We also compared the characteristics of patients
with VC (VC score = 0) and those without VC (VC
score = (). The patients with VC had significantly
mmereased age, HD vintage, and creatinine and lower
ALP (Table 4). It was a trend for a higher FGE-23 in
YO group versus the group without VC (p = (0L035). In
the multiple regression models, stepwise method
considered VC as dependent variable and all the other
studied parameters as independent variables. Age, HD
vintage, and serum creatinine were found 1o be

@ Springer

significant predictors for VO's presence. We also used
the enter method for logistic regression; only age
remained predictive for the development of VC
(Table 5).

Discussion

In the current study, we for the first time report an
association between low circulating FGF-23 and the
presence of cardiovascular diseases in chronic HD
patients. Therefore, increased serum FGF-23 levels
could be a protective factor against CVD develop-
ment. Some authors proposed the FGF-23 measure-
ment in CKD as it could predict faster progression of
renal disease in CKD patients [21]. Indeed, a positive
relationship between FGF-23 and cardiovascular risk
and mortality in HD patients and across the spectrum
of CKD has been the result for some studies [22-25].
But this view over the data may not be rehable
regarding FGFE-23, because it has been discovered as a
protection factor against vascular damage. Animal
studies demonstrated that FGF-23 null mice display
extensive VC and these results suppont the idea of VC
inhibition properties of FGF-23 [19, 26). Consistent
with our study and in contrast with the above-
mentioneéd chmical studies, Ashikaga et al. [27]
indicated that FGF-23 was a negative predictor of an
imcrease in carotid intima-media thickness, as marker
of atherosclerosis. The FGF-23 level was also an
independent negative predictor of peripheral VC, but
not acrtic medial VO, and FGE-23 behavior was
independent of serum phosphate (P) levels, keading to
conclusion that FGE-23 had a protective effect on VC
[28]. In a cohort of men without CKD, plasma FGE-
23, and incident coronary heart disease had not been
associated [29] and some authors demonstrated that
FGF-23 15 not associated with mortality in HD
patents, only if they selected a special subgroup
[30]. Interestingly, in the study of Gutierrez et al. [7],
the association between FGF-23 and cardiovascular
pathology (assessed by left ventricular hypertrophy
and left ventricular mass index as surrogate markers)
lost is significance after multivariable adjustment.
Genetically modified animal models have provided
valuable insights into the ole of FGF-23 i health and
disease. Interestingly, FGF-237" mice develop a
widespread phenotype resembling human préemature
aging, including muscle wasting, infertility, atrophy of
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Table 2 Comparison of clinical and biochemical profiles of hemodialysis patients with and without cardiovascular diseases

Parameter No CVD (63 pis) CVD (25 pis) P

Age (years) 58 (49-70) 65 (60-T74) LG
HD vintage (months) 50 (29-80) 39 (27.5-55) 013
Male gender (%) 34 pis (539 %) L1 pis (44 %) 048
DM (%) 11 pts (17.46 %) 9 pis (36 %) <0001
HTA (%) 48 pts (76.2 %) 15 pis (60 %) 0.10
FGF-23 (pg/ml) 472 (26.1-94.9) 300 (15.05-45.5) s
VC (%) 36 pis (57.1 %) 18 pis (72 %) 014
WV score 2 (04 4 (0-6) LG
URR 76.88 (69.84-81.03) TL56 (67.04-78.19) 036
spEUV 1.56 (1L40-1.66) 144 (1.33-1.60) 036
Bicarbonate (mEg/1) 230 4+ 327 2431 £ 255 010
Calcium (mg/dl} 9.17 (876-9.54) 8.03 (B.52-940) 021
Phosphate (mg/dl) 4554 132 418 £ 1.26 023
iPTH (pa/ml} 2793 (149.8-564.5) 192.1 (109.97-494.57) 021
ALP (ULT) T5.8 (50.07-99.56) T6.13 (56.07-113) 054
Hb (g/dl} 1157+ 139 10,70 4 1.25 008
Ferritin (ng/ml) 5699 (319.24-R16.89) 498.51 (359.04-780.77) 077
CEF (mg/dl} 0.63 (0.25-1.33) 0.77 (0.35-264) 039
Albumin (g/dl} 3.89 (3.69-4.07) 375 (336-3594) 003
Creatinine (mg/dl) BI5 4+ 236 764 £ 169 003
Ca-based P binders use (%) 32 pis (50.8 %) 15 pis (60 %) 029
Sevelamer use (%) 16 pts (25.4 %) 4 pts (16 %) 025
Vitamin D use (%) 14 pis (22.22 %) 6 pis (24 %) 085

HID hemodialysis, DM diabetes mellitus, HTA hypertension, FGF-23 fibroblast growth factor 23, VC vascular calcification, URR urea
reduction ratio, spEe'V urea clearance. (PTH parathyroid hormone, ALP alkaline phosphatase, Hb hemoglobin, CRP Caeactive

protein, Ca calcium, P phosphate

Table 3 Multiple regression analysis of factors associated
with the presence of cardiovascular diseases in chronic he-
maelialysis patients

Independent variable p OR 95.0 % CI for OR
Lower Upper
Ape 0.10 L6 099 111
Gender 0.48 163 042 6.25
HD vintage 0.34 1.01 0.99 1.03
DM 005 025 006 0.99
FGF-23 002 097 094 1.00
VC score 0.20 L20 090 .60
Hb 006 0.5l 0.26 1.02
Albumin 035 035 004 326
Creatinine 064 092 064 1.32

HD hemodialysis, DM diabetes mellitus, FGF-23 fibroblast
growth factor 23, VO vascalar calcification, b hemoglobin

multiple organ systems, pulmonary emphysema, oste-
oporosis, atherosclerosis, extensive soft tissue calcifi-
cations, and a severely shortened lifespan [19].
Genetic restoration of the systemic actions of human
FGF-23 in FGF-23-knockout mice reverses hyper-
phosphatemia to hypophosphatemia and prevents
aging associated complications, including cardiovas-
cular diseases [31].

Hyperphosphatemia mcreases death sk m HD
patients [ 1], and usually, FGF-23 and serum P display
a positive relationship in CKD [21]. FGE-23 decreases
serum P, and lower P levels are inevitably linked to a
reduction in cardiovascular risk in HD patients.
Therefore, higher FGE-23 should decline the cardio-
vascular risk. In spite of the fact that, in our study,
FGF-23 did not correlate with serum P levels, high
FGF-23 was associated with lower rate of CVD. It is

@ Springer
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Table 4 Comparison of clinical and biochemical profiles of chronic hemodialysis patients with and without carotid vascular

calcifications

Parame ter Mo VC (34 pts) VC (54 pts) f
Age (years) 54 (38.75-60) 65 (38.75-73) (LT}
HD vintage (months) 36.5 (13.75-60.05) 50 (36-78.75) o4
Male gender (%) I8 pts (52.94 %) 27 pts (50 %) 048
DM (%) T pis (2058 %) 13 pts (24.07 %) 070
HTA (%) 22 pis (64,70 %) 41 pis (75.92 %) 025
FGF-23 (pg/ml} 411 (185-64.52) 43,8 (22.97-80.42) (L
URR 76,33 (T0L31-81.86) 74,19 (6B38-T9.71) 057
spEUv 155 (1.41-1.68) 1.50 (1.36-1.63) 057
Bicarbonate (mEq/) 2341 4+ 3.68 234 4+ 274 0493
Calcium (mg/dl) 908 (B.59-9.48) 9.06 (8.75-9.47) 03
Phosphate (mg/dl) 442 4 138 444 4 127 o4
iPTH (pg/ml) 215.2 (140.57-608.82) 2868 (154.1-54145) LT
ALP (ULT) 6951 (45.29-97.12) T7.98 (63.69-1104T) 03
Hb (g/d} 10,98 £+ 1.51 11.53 £+ 1.29 027
Ferritin (ng/ml} 542.56 (307.74-824.97) 564 (3T1.1-794.48) 088
CRP (mg/dl) L57 (0.08-1.29) 0.68 (0.30-1.40) o7
Albumin (g/dl) 395 (3.73-4.07) 379 (3.61-3.97) 024
Creatinine (mg/dl) 829 +£2.72 8.45 + 190 (LT ]
Ca-based P hinders use (%) 16 pts (47 %) 31 pts (54 %) 034
Sevelamer use (%) B pts (23.50 %) 12 pts (22.22 %) [IE
Vitarnin D use (%) 6 pts (17.64 %) 14 pts (25.92 %) 036

HD hemodialysis, DM diabetes mellitus, HTA hypertension, FGF-23 fibroblast growth factor 23, VO vascular calcification, URR urea
reduction ratio, spRe'V urea clearance, (PTH parathyroid hormone, ALP alkaline phosphatase. Hb hemoglobin, CRP Creactive

protein, Ca calciom, P phosphate

Table 5 Multiple regression analysis of factors associated
with the presence of carotid vascular calcifications in chronic
hemodialysis patients

Independent variable p OR 950 % CI for OR

Lower Upper

Ape 00001 121 LIl 1.32
HD vintage 0.07 Loz LoD 1.04
DM 0.65 067 012 386
FGF-23 0.31 Lol 099 1.02
Creatinine 013 132 092 1.90
ALP 1.0D Loy 0599 1.01
URR 0.16 096  0.90 1.02
Calcium .83 .88 0.28 275
Phosphate 0.50 1.21  0.69 214
iFTH 0.46 100 1L.0D 1.0

HD hemodialysis, DM diabetes mellitus, FGF-23 fibroblast
growth factor 23, ALP alkaline phosphatase. U'RR urea
reduction ratio, {PTH parathymid hormone

@ Springer

noteworthy a very recent paper by Shalhoubetal. [32].
In order toreduce PTH, monoclonal antibodies against
FGF-23 were admimstered to a rat model. The authors
reported that mortality increased with decreasing
FGE-23. This study illustrates the danger in leaping
from epidemiologic studies that associate elevated
FGEF-23 with adverse consequences to thinking that if
we reduce these levels, we will improve possible
consequences [33].

In our smdy, the patients with CVD were older,
with more extended VC. They were significantly more
affected by protein malnutrition and  anemia.
Advanced age and low albumin were recognized as
additional risk factors for CVD.

FGF-23 comelated positively with iPTH; similar
evidence has denved from Nakanishi et al. [34, 35
who reported that FGF-23 1s a predictor of secondary
hyperparathyroidism.
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Current evidence on the association of FGF-23 with
WC is mixed; some studies demonstrated a positive
and mdependent association with aortic [11], perph-
eral [ 10] or coronary calcification in HD patients [36].
Other studies reported negative correlations. Tamei
et al. [37) had studied the relation of FGF-23 with the
progression of VC; they demonstrated that FGF-23
level in repressors was significantly higher than in
non-progressors and progressors. Inaba et al [28]
showed that FGF-23 is linked to peripheral VO in
prevalent HD patients. But, in our study, FGF-23 was
significantly higher with increasing HD vintage; VC
score increased with age. Our study failed 1o demon-
strate any comelation between FGF-23 and the sever-
ity of VC (VC score). Similar results had Roos et al.
[20], reporting that FGF-23 did not correlate with
coronary artery calcification in patients with normal
renal function. Testing the relationship between FGF-
23 and aortic calcification, Kojima et al. [38] also
demonstrated a lack of significance.

FGF-23 was higher in the group of patients with VO
than those without VO, but this association became
non-significant  after  multvardable  adjustment.
Increasing age was found as risk factor for VC in the
present sudy, in conformity with others [ 10].

At the present time, the exact mechanisms of FGF-
23 influence on VC and CVD development remains
uncertain. Additional studies are warranted to evaluate
whether low FGE-23 can predict bad cardiovascular
outcomes, and whether it 15 a modifiable risk factor.
There were a few limitatons of our study, such as its
observational and its cross-sectional nature. Our
analysis was limited by the study population and the
subjective manner of ultrasound examination.

In conclusion, we report on a novel association
between low FGF-23 and CVD in chronic HD
patients. To our knowledge, only few investigations
have explored the relationship between FGF-23 and
the presence of CVD in the HD patients. The use of
FGE-23 as a clinical marker or for predicting cardio-
vascular outcomes has to be established subsequently.
It remains to be determined whether FGE-23 plays a
direct role in cardiovascular protection, or whether
FGE-23 intervenes in atherosclerotic complications
indirectly through regulation of mineral metabolism.
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Abstract: Podocyte injury plays a central role in both focal segmental glomerulosclerosis
(FSG5) and minimal change disease (MCD). Pathogenic mechanisms are diverse and in-
completely understood, partially overlap between FSGS and MCD, and are not reflected
by kidney biopsy. In order to optimize the current variable response to treatment, person-
alized management should rely on pathogenesis. One promising approach involves iden-
tifying biomarkers associated with specific pathogenic pathways. With the advancement
of technology, proteomic studies could be a valuable tool to improve knowledge in this
area and define valid biomarkers, as they have in other areas of glomerular disease. This
work attempis to cover and discuss the main mechanisms of podocyte injury, followed
by a review of the recent literature on proteomic biomarker studies in podocytopathies.
Most of these studies have been conducted on biofluids, while tissue proteomic studies
applied to podocytopathies remain limited. While we recognize the importance of non-
invasive biofluid biomarkers, we propose a sequential approach for their development:
tissue proteomics could first identify proteins with increased expression that may reflect
underlying disease mechanisms; subsequently, the validation of these proteins in urine or
plasma could pave the way to a diagnostic and prognostic biomarker-based approach.

Keywords: proteomics; minimal change disease; focal segmental glomerulosclerosis;
podocytopathies; biomarkers

1. Background

While genomics has provided critical insights into the genetic foundations of dis-
eases, proteomics, supported by recent technological advancements, offers a more imme-
diate and dynamic understanding of disease mechanisms, biomarker identification, and
treatment responses. This capability is particularly valuable in the context of personalized
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medicine, where tailored treatment strategies depend on a comprehensive understanding
of an individuals melecular profile. As such, proteomics serves as a vital complement to
genomics in advancing medemmn pathology.

In the past two decades, in some glomerular diseases, tissue profeomics have clari-
fied pathogenic mechanisms and led to the development of diagnostic and prognostic bi-
ofluid biomarkers promptly embedded in clinical practice [1]. In an area with an urgent
need for pathogenic clarification and reclassification, such as minimal change disease
(MCD) and focal segmental glomerulosclerosis (F5GS), proteomic studies have the poten-
tial to make a significant impact.

2. Podocyte Injury in the Continuum of MCD/FSGS

Minimal change disease and F5GS are both podocyte disorders primarily character-
ized by nephrotic syndrome associated with various degrees of foot process effacement
(FPE) observed on electron microscopy (EM). The key distinction lies in light microscopy
(LM) where F5SGS5 presents with patterns of focal and segmental sclerosis while LM is typ-
ically normal in MCD. Additionally, MCD is assodated with negative immunofluores-
cence staining, whereas in F3GS5, low intensity complement deposition and/or Ighd may
be observed in the sclerotic areas, traditionally regarded as non-specific (trapping) [2.3].
From a clinical and therapeutic perspective, current guidelines suggest a classification of
FSGS5 into primary, genetic, secondary and FSGS5 of undetermined cause [4]. Primary
F5G5 is characterized by diffuse FPE (generally over 80%) nephrotic syndrome; a specific
cause cannot usually be identified. Secondary FSGS mostly presents with important pro-
teinuria, possibly in the nephrofic range but without overt hypealbuminemia; it has less
abundant FPE (25-40%) and is usually due to adaptive mechanisms to focal podocyte in-
jury. In genetic causes of FSGS, the degree of FPE is variable, from extensive in certain
monogenic causes (e.g., NFHS 1) to focal in other instances (e.g., ACTIN4 mutation that
cause cytoskeletal structural changes that decrease podocyte resistance to injury or me-
chanical stress). FSGS of undetermined cause refers to forms without extensive FPE but
without an identifiable secondary or genetic cause [3,6]. From a clinical point of view, it is
important to distinguish between primary F5GS (amenable to immumosuppression) and
secondary forms, treated conservatively. However, it is now widely recognized that this
morphology-based classification is insufficient and does not fully capture the complexity
of podocyte diseases.

It is generally accepted that F3G5 is a pattern of response to various etiopathogenic
factors, but it becomes increasingly clear that MCD, fraditionally viewed as a distinct dis-
order, may also be included in this spectrum of diseases with different triggers and pat-
terns of response. In fact, a unifying approach has been considered for the MCD/FSGS
spectrum [2]. This perspective is reinforced by evidence that, in certain cases, progression
from MCD to FSGS has been documented, with sampling error and the earlier stage of the
disease potentially explaining an increased likelihood for observing an MCD pattern [2,7].
Howewver, the most compelling argument for considering these diseases together lies in
the shared podocyte injury and its direct consequences, namely, FPE and proteinuria.

A podocyte is a highly specialized and ontogenetically conserved cell with a primor-
dial role in maintaining permselectivity of the glomerular filtration. Tertiary interdigitat-
ing foot processes (FPs) from neighboring podocytes are linked through a highly special-
ized protein stucture—the slit diaphragm (5D). In its structure, several proteins form a
ladder-like structure, which plays a cudial role in the glomerular filtration process by
preventing protein loss. Additionally, podocytes are covered with anion charge, assured
by the glycocalyx of the cells, which enhances further the filtration barrier [5.8].

The stability of a podocyte is assured through its anchoring to the glomerular base-
ment membrane (GBM) via a spedialized molecular assembly which is called focal
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adhesion (FA). These are infricate protein structures which link exiracellular matrix
(ECM) and GBM to the podocyte cytoskeleton. FA includes integrin as one of the most
important transmembrane anchoring proteins [9]; importantly, FAs, like 5D, do not just
act as a mechanical anchor but also as a signaling hub, mediating the podocyte response
to various stimuli. They play a critical role in regulating cell behavior and metility [9,10].
influencing processes like cell migration survival, which are important for maintaining
glomerular integrity and function.

Podocyte function is highly dependent on the integrity of its cytoskeleton that is
mainly composed of actin fibers in the foot processes and of microtubules in the cellular
body. The organization of the actin cytoskeleton is fine-tuned by proteins that control the
pelymerization and depolymerization of actin filaments as well as proteins that link these
filaments into bundles or networks —referred to as actin-binding proteins. Key regulatory
molecules, including RHO-GTPases such as Racl, Fho A, and Cdc42, as well as other in-
tracellular pathways, are responsible for regulating the actin cytoskeleton dynamics by
interacting with signals from the SD and FA [9,10].

Moteworthy, podocytes are highly spedalized and differentiated cells that do not di-
vide. Lethal or sublethal injury to podocytes results in exposed areas of GBEM, leading to
the disruption of filtration barrier, proteinuria, and potentially subsequent inflammatory
and profibrofic changes.

As a direct consequence of structural and functional alterations within podocytes and
their actin cytoskeletons, the interdigitating structure of the FP becomes distorted, leading
to FPE and compromising the permselectivity of the glomerular filtration barrier, result-
ing in proteinuria. However, the mechanisms underlying these morphological and func-
tional changes differ significantly, both from an etiologic point of view and from a patho-
genetic perspective.

First, an important differentiation is to be made regarding cytoskeleton rearrange-
ment and subsequent FPE as a reactive process or as the initial culprit in podocyte disease
[11-13]. In the first scenario, when there is focal (limited and not widespread) injury to the
podocytes, there is an attempt to limit the degree of damage by structural and functional
changes in the affected and neighboring cells that occur as an adaptative process. This
might be the case in hyperfiliration-induced podocyte damage when FPE is the price paid
for strengthened attachment at the level of FA; in this case, the podocyte sacrifices perm-
selectivity in order to prevent further podocyte loss by improving adherence. On the other
hand, in the second scenario, extensive and diffuse structural and functional changes in
the cytoskeleton are the initial cause of FPE and proteinuria, resulting from genetic dis-
ease, antibody- or other immune-mediated injury, or yet unknown causes; in this case, the
etiology and mechanisms are also very different [11,13,14]. The key pathways involved in
this process are listed below and depicted in Figures 1-3, which detail the intricate molec-
ular interactions that confribute to podocyte dysfunction in the scenarios mentioned
abowve.
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Figure 1. Schematic representation of podocyte pathogenic genes. Gene variants are grouped ac-
cording to cellular structure. PLCE1, phospholipase C epsilon 1; TRPC 5/6, transient receptor poten-
tial channel 5/6; NPHS1, nephrin; NPHS2, podocin; CD2AP, CD2-associated protein; NEPH1, Kin
of IRRE-like protein 1; MYOIE, myosin 1E; SYNPO, synaptopodin; INF2, inverted-formin2; ACTN4,
alpha actinin 4; ITGB4, integrin £4; ITGA3, integrin a3; ARGHA24, Rho-GTPase-activating protein
24; ARGHDIA, Rho-GDP-dissodiation inhibitor 1; DLCI1, Rho GTPase-activating protein 7; KANK
1/4/5, KN motif and ankyrin repeat domains 1/4/5; LAMB2, laminin subunit beta 2; COL4AA3/4/5,
collagen type IV aplha 3/4/5 chain; APOL1, Apolipoprotein Al; EMP2, epithelial membrane pro-
tein2; COQ 2/6/8, coenzime Q2/6/8; PDSS2, decaprenyl-diphosphate synthase subunit 2; MTTLI,
mitochondrially encoded tRNA leucine 1; ADCK4, coenzyme Q8B; SGLP1, sphingosine-1-phos-
phate lyase 1; ALG], chitobiosyldiphosphodolichol beta-mannosyltransferase; SCARB2, lysosomal
integral membrane protein-2; SMARCLA1, SWI/SNF-related matrix-associated actin-dependent
regulator of chromatin subfamily A-like protein 1; LMX1B, LIM homeobox transcription factor 1-
beta; NXF5, nuclear RNA Export Factor 5; WT1, Wilms tumor 1; LMNA, lamin A/C; PAX2, paired
box gene 2; MAFB, transcriptor factor MafB. This figure was created with BioRender.com.
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Figure 1. Schematic representation of immune-mediated podocyte injury. Podocytes interact with
immune cells through major histocompatibility complex type [ (MHC I) and I (MHC I) but also
possess co-stimulatory molecules for B lymphocytes (CD86) and for T lymphocytes (CDS80). Imbal-
ance between effector and regulatory T Iymphocytes, interdeukin/ cytokine synthesis, and B cell-
mediated antibody synthesis against podocyte structures can ocour due to podocyte interaction with
immune cells. Toll-like receptors (TLRs) can detect signals like pathogen-related molecular patterns
(PAMPs) and damage-related molecular pattermn (DAMPs) both from cutside (2.g., lipopolysaccha-
ride, lipids, and proteins) and within the cell (e g., free nucleic acids). Upon binding TLRs, increased
transcription of inflammatory genes (INF-k£, IRF3, IRF7, and AP1) and inflammasome activation are
mediated through intracellular signaling proteins such as TIRAF, MyD88 and MAPK, ultimately
resulting in cytoskeleton rearrangement and apoptosis. Interleukin receptors (IL Es) and interferon
receptors (INF Es) also increase the transcription of inflammatory and profibrotic factors through
the JAK/STAT signaling pathway. Complement-mediated podogyte injury can coour due to sub-
Iytic amounts of membrane attack complex (MAC). The activation of the NF-£ pathway and arapid
increase in intracellular Ca? induce NFk-£-mediated inflammatory response, mitochondrial stress,
oxidative stress, and endoplasmic reticulum stress. The lack of inhibitor factors such as CD55 or
complement factor H (FH) can trigger and intensify MAC production. This figure was created with
BioRender.com.
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Figure 3. Schematic representation of mechanical stress-related podecyte injury. Angiotensin IT re-
ceptor 1 (AT1 E) upon stimulation causes increased intracellular calcium influx through transient
receptor potential channel 6 (TRPCE), followed by increased caldneurin activity and increased deg-
radation of symaptopoedin, an actin-binding protein. Cytoskeletal rearrangements are controlled by
Bho GTPases: cell division control protein 42 (CDCA42), Rac family small GTPase 1 (RACL), and Ras
homelog family member A (FhoA). Mechanical stress is sensed and transmitted by B integrins to
erythrocyte membrane protein band 4.1 like 5 (EPB41L5). EFB41L5 activates intracellular pathways
which regulate the translation of proteins that influence Bho& activity and cytoskeletal rearrange-
ment. Yes-assodated protein (YAF) is a transaiption co-regulator factor stimulated by EPBB41L5
activity. YAP nuclear translocation results in the translation of proteins that regulate podocyte Eho
GTPase activity. Membrane proteins like TRPCS/6 also can directly regulate the activity of Fho
GTPases, other membrane proteins may be also involved in Rho GIPase regulation (dashed ar-
rows). Permeability factors (soluble urckinase plasminogen activator receptor, suPAR; hemopexin,
HPYX; and cardiotrophin-like cytokdne factor 1, CLCF1) interfere with FA; in parficular, suP AR binds
and activates av3 B integrin, further modulating cytoskeleton rearrangements via CDC42 and
RACL. APOL] expression increases the linking of suPAR. This figure was created with BioRen-
der.com.

21 Structural Deficiencies

Structural deficiencies of the 5D, actin cytoskeleton, and FA can be the cause of po-
docyte dysfunction. Currently, more than 70 monogenic causes of proteinuric kidney dis-
ease have been identified, many of which comprise proteins of the SD structure (such as
MNEPHIL, NPHSI, and NPHS2), as well as some proteins involved in the regulation of the
actin cytoskeleton (ACTIN4E, INF2, etc ). Additionally, defects in myosin proteins and Rho-
GTFase signaling pathways have been linked to pedocyte dysfunction. Moreover, vari-
ants in genes encoding structures from GBM and ECM, like laminins and collagen, can
lead to the dysfunction of filtration processes [15,16]. Podocyte pathogenic variants are
depicted in Figure 1.
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2.2 Virus-Induced Lesions

Other potential drivers of podocyte injury are virus-induced factors. Studies have
demonstrated that podocytes possess sensors for double-stranded ENA, a byproduct of
viral replication, and can lead to an innate response. This response includes an increase in
the expression of toll-like receptors (TLRs) and other signaling molecules, resulting in the
altering of pedocyte SD structures including proteins such as NPHS1, NPHS2, and
CD2AP. These changes, in turn, promote increased cytokine production and inflamma-
tion via the NF-xB pathway [17]. Investigations in murine models showed that interferon
beta, a major compenent of antiviral response, can lead to podocyte loss [18]. In the con-
text of HIV-assodated nephropathy, it was shown that viruses are present in podocytes,
directly damaging the actin cytoskeleton and contributing to podocyte dysfumction [19].

Sometimes, these mechanisms can act in concert or could be additive. For example,
the two distinct polymorphisms in the apolipoprotein L1 (APOLL) gene (Gl and G2) that
are frequent in West African patients and have monoallelic or biallelic inheritance (e g,
GL/Gl, GL/G2, or G2/G2) are risk factors for FSGS, with the highest risk in people present-
ing two risk variants—some studies suggesting an up to 17-fold increase in risk [20,21].
Howewver, a “second podocyte hit”, such as HIV-assodated viral infection, increases this
risk even more [22].

2.3. Permeability Factors

Several studies have proposed that permeability factors may play a crucial role in the
pathogenesis of certain podocyte diseases. This hypothesis is sustained by several obser-
vations. For instance, patients with primary FSGS develop recurrence shortly after kidney
transplantation, suggesting the presence of circulating factors that may drive podocyte
injury. Furthermore, these patients often experience significant reduction in proteinuria
after plasmapheresis, which provides additional evidence for the existence of a circulating
permeability factor. Also, it was reported that murine models developed proteinuria fol-
lowing the injection of sera from patients with F5GS [23]. These findings collectively sug-
gest that permeability factors could play a cucdial role in driving podocyte injury.
Hemopexin [24], drculating ANGPTLA4 [25], suPAR [26], CLCF1 [27], and Apolipoprotein
A-Tb (ApoA-Tb) [28,29] have been suggested as potential permeability factors. Research
has also identified several intracellular pathways involved in the action of these factors.
For instance, CLCF1 has been shown to activate intracellular cascades such as Janus Ki-
nase 2 (JAEKZ?) and Signal Transducer and Activator of Transcription 3 (STAT3), which
ultimately affect cytoskeleton polymerization and can interfere with £1 integrins binding
at the FA level [30]. Apolipoprotein A-Ib is a form of Apoclipoprotein A-I that was found
to be assodated with recurrence of FSGS in kidney-transplant patients; the pathogenic
pathway is unknown, yet one proposed mechanism suggests an abnormal activity of a
protease, producing both ApoA-Ib and podocyte dysfunction [31].

2.4 Imomume-Mediated Injury

Immune mechanisms are an important component undermining podocyte integrity,

and several distinct pathways may be involved in this process (Figure 2):

. T lymphocytes have long been suspected of being involved in podocyte dysfunction,
particularly in MCD. Podocytes express major histocompatibility factor I/II proteins
which are involved in immune recognition, as well as B7-1 (CD8&0), which are T cell
co-stimulatory molecules. These influence the activation of lymphocytes, trigger im-
balance between effector and regulatory T lymphocytes, as well as interleukin (IL)
and other cytokine synthesis by T lymphocytes. For example, IL-17 synthesis by
CD17 lymphocytes, with subsequent TNF-a-induced inflammatory cascade [32] and
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inflammatory responses [33), are all consequences of podocyte/immune cell interac-
tions. More recently, the role of B Iymphocyte-driven mechanisms in podocyte injury
has gained attention. Podocytes also express B7-2 (CD86), a co-stimulatory molecule
that plays a key role in the activation of B lymphocytes and antigen-presenting cells
[34]. Recent studies have convincingly documented antibody-mediated podocyte in-
jury, providing evidence for the pathogenic role of nephrin antibodies in steroid-re-
sponsive MCD [35]. In addition to nephrin, several antibodies, such as those against
annexin A2 [36], or other components of the cytoskeleton [37] have been suggested
as etiological factors in certain subsets of podocyte diseases.

+ Podocytes also express recognition receptors such as TLRs, which can recognize
pathogen-associated molecular patterns (PAMPs), including DNA/RNA fragments.
Upeon recognition, TLEs activate intracellular pathways that ultimately lead to gen-
eration of reactive oxygen species (ROS), mitochondrial stress, and endoplasmic re-
ticulum stress [38]. Additionally, podocytes can respond to metabolic stimuli (e.g.,
hyperglycemia) and toxic environment stimuli {e.g., puromycin aminoxide toxicity).
Such stimuli lead to the activation of intracellular pathways such as NF-xB or MAPE,
triggering the production of inflammatory cytokines (IL-1 and IL-18) and TGF-£, in-
crease oxidative stress, and activate the inflammasome, ultimately resulting in podo-
cyte damage and apoptosis [34,39,40].

+ Podocytes are increasingly recognized for their role in regulating the complement
system. They are able to synthetize components of the complement system including
Clq, Clr, C2, C3, C3a receptor (C3aR), C5a receptor (C5aR), and C7, as well as their
inhibitors such as CD47, CD55, CD59, soluble complement factor I (CFI), and com-
plement factor H (CFH). This enables podocytes to predsely regulate inflammatory
responses iriggered by complement, thereby supporting glomerular homeostasis
and reducing damage caused by complement activation. However, podocytes can
also become targets of complement-mediated injury under certain instances. For ex-
ample, in an elegant experimental model of adriamycin-induced podocyte injury, the
lack of a C3 convertase inhibitor (CD55) exacerbated podocyte injury and pro-
teinuria, suggesting that complement regulation is essential for podocyte protection
[41]. Moreover, podocytes are heavily dependent on factor H protection against ex-
cessive complement activation, as complement factors can leak into the GBM, espe-
dially under proteinuric conditions. Factor H is able to inactivate them by N terminal
binding while being anchored through the C terminal fragment to components of the
GEM. Additionally, studies have shown that puromycin/immunoctoxin-induced po-
docyte injury leads to inareased factor H expression in podocytes, which correlates
with the clearance of subendothelial immune complex deposits [42]. Finally, recent
evidence suggests that the activation of the lectin pathway of the complement system
may comfribute to the pathogenesis of FSGS [43].

. Recent studies have increasingly recognized that sub-lytic levels of the membrane
attack complex (MAC) can induce podocyte injury without causing cell death. When
internalized, excess MAC can influence calcium (Ca*) entry into the cell, leading to
a cascade of downstream effects. One major consequence is the activation of the NF-
kB-mediated inflammatory response, which can play a critical role in podocyte dys-
function. Additionally, excessive caldum influx can dysregulate oxidative stress
pathways and cause endoplasmic reticulum and mitochondrial stress [44].

2.5. Toxic-Induced Podocyte Damage
Puromycin and adryamicin are among the most commonly used substances to in-

duce F5G5 and MCD in murine models. Both puromycin aminonucleoside nephrosis and
adriamycin-induced nephropathy have a highly proteinuric early phase, resembling the
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MCD model characterized by complete FPE. This is followed by the progressive develop-
ment of segmental sclerosis lesions, resembling F5GS5. In humans, one of the most frequent
toxic causes of podocyte injury is the use of anabolic-androgenic steroids [45], which dis-
rupts SD structure through excess complement activation [43] and increases the produc-
tion of profibrotic cytokines (TGF-£) and inflammation [46].

2.6. Mechamical Stress

As previously mentioned, an important source of podocyte dysfunction is mechani-
cal stress. Podocytes play a crucial role in maintaining glomerular filtration, and their in-
tricate cytoskeletal structure is continuously adapting to the environmental changes
sensed by FA and 5D complexes. However, under conditions of hemodynamic stress
and/or structural deficiencies, mechanical forces can overwhelm the adaptability of the
podocyte, resulting in FPE or even podocyte detachment Increased glomerular capillary
pressure results in the enlargement of capillaries and causes stress to foot processes, ena-
bling elongation and/or shape modification. Glomerular hypertrophy, a universal adap-
tative response mechanism after kidney injury, is primarily mediated through the activa-
tion of tubule-glomerular feedback and serves as a major driver of mechanical podocyte
injury [10,44]. FEecent studies have identified several pathways involved in regulating cy-
toskeletal conformation under mechanical stress. For example, the interaction of suPAR
leads to the increased expression of aovE3 B integrin, especially in patients with the APOLL
gene variant. This interaction activates Fho GTPases like CDC42, FhoA, and RACI, con-
tributing to cytoskeleton dysfunction. Additionally, tensile stress is transmitted by £ in-
tegrins to the erythrocyte membrane protein band 4 1 like 5 (EPB41L5), and through mul-
tiple signaling molecules (e.g., YAF), it modulates Fho-GTPase activity. The activation of
TRPC channels by angiotensin receptors or mechanical stress leads to intracellular cal-
cium influx, which, in turn, activates calcineurin, resulting in synaptopodin degradation.
Additionally, increased intracellular calcium promotes the production of reactive oxygen
species and mitochondrial and endoplasmic reticulum stress, and can lead to NF-xB and
NFAT pathway activation, leading to inflammation and further podocyte damage. More-
over, FhoAl, Racl, and CDC42 can be directly regulated by the activity of TRPC channels
and other ligands [10].

Given the fact that proteinuria and FPE in podocyte diseases are primarily the result
of cytoskeleton rearrangements but triggered by different etiologies and mediated by var-
ious intracellular pathways, we propose that a classification system based on etiopatho-
genetic mechanisms—rather than morphology—would be more adequate for this spec-
trum of diseases. This approach could also potentially lead to more precise diagnostic and
therapeutic strategies, ultimately improving patient outcomes by targeting the underlying
molecular pathways driving podocyte dysfunction.

3. From Pathogenesis to Therapeutic Approach

The choice of therapy for podocyte diseases should be tailored to the pathogenetic
mechanism underlying the condition, as the effectiveness of the therapeutic approaches is
often contingent on the underlying cause.

For imstance, steroid resistance occurs in 525% of MCD and F5G5 cases, with re-
sistance being more common in FSGS than in MCD. Additionally, steroid resistance is the
most important prognostic factor for kidney failure [47].

Corticosteroids exert their effects by binding to steroid receptors on podocytes, lead-
ing to the suppression of proinflammatory mechanisms including the synthesis of ILs and
TNF-ax [48]. Furthermore, corticosteroids help stabilize actin filaments, prevent apoptosis,
and increase the expression of the nephrin gene, thereby stabilizing the SD structure [49].
In cases of corticosteroid resistance, cyclophosphamide may be used as it enhances CD4+
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T-cell activation, modulates the TLR /MyDE85MAPK pathway, and reduces Thl7 genera-
tion, thus exerting immunosuppressive effects that help manage podocyte injury [50].

Calcineurin inhibitors, such as cddosporin and tacrolimus, not only act as immuno-
suppressants, but also directly stabilize the cytoskeleton in podocytes primarily by inhib-
iting synaptopodin degradation, regulating podocyte dynamics, and reducing cell apop-
tosis [51-53].

Vith the discovery of anti-nephrin antibodies (and other antibodies targeting the cy-
toskeleton) as a culprit in the pathogenesis of MCD/FSGS, B-cell suppression using ritux-
imab has emerged as an interesting therapeutic option, allowing for more prolonged re-
missions, and is highlighted as a promising approach in a recent position paper of the
Immunology European Fenal Association Working Group [47] However, several other
potential therapies are under investigation that are directed against some of the patho-
genic mechanisms mentioned. These include anti-TNFa therapy, B-cell targeted therapy,
and the blockade of TRPC 5/6 channels to regulate infracellular calcium entry. Also, tar-
geting intracellular proinflammatory pathways is a future strategy being explored [47].
Complement inhibition strategies in the current effervescent era of anti-complement ther-
apy validated in different glomerular diseases could also be an option for research, but
more data and study trials are required [54].

The current management and diagnosis strategy for MCD and F5GS is based on kid-
ney biopsy. Putting aside its invasive nature, the main shortcoming of the current ap-
proach is its inability to identify the underlying etiology and pathophysiological mecha-
nisms at play, and hence its inability to guide a targeted treatment approach. Additionally,
biopsy findings often fail to differentiate clearly between primary (amenable to immuno-
suppression) and secondary/genetic forms of FSGS [5]. Hence, reliance on histology solely
must be reevaluated.

A more personalized and optimized approach is clearly needed. Such approaches
should be guided by a deeper understanding of the specific molecular mechanisms un-
derlying each patients condition, enabling more precise diagnosis and tailored treatment
options.

4, Advancements in Biomarker Discovery: Insights from
Proteomic Approaches

A potential way to guide therapy is the identification of the pathogenic pathway in-
volved by means of biomarkers. This approach could not only help to pinpeint the under-
Iying mechanisms involved in individual cases, but also aid in selecting patients included
in clinical trials of targeted therapy in order to maximize the chance of discovering effi-
cient freatment strategies.

Therefore, research on biofluid (urine and plasma) proteomic biomarkers that can
both identify the disease (MCD/FSGS) and point to a specific pathogenic pathway —re-
gardless of the morphological form of pedaocyte injury —offers a promising approach. Fur-
thermore, these biomarkers could potentially predict the response to treatment. Several
attempts have been made over the past decades to identify panels of biomarkers that allow
for the non-invasive characterization of MCD/FSGS in both experimental and human dis-
eases. These studies build upon previous findings from genomics and transcriptomics,
which have offered insights into podocyte disease mechanisms. However, we do not
dwell on these data as they are beyond the scope of the current review, espedially since
increased gene expression does not necessarily result in protein translation or directly in-
fluence disease phenotype.

The main advantage of biofluid proteomics is represented by its non-invasive nature.
Moreover, urinary proteomics has the potential to directly reflect modifications within the
kidney. However, there are also potential downsides due to the nature of the disease;
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namely, plasma-filtered proteins in these heavily proteinuric conditions may affect uri-
nary findings or, conversely, the accumulation of plasma proteins secondary to decreased
glomerular filiration rate can confound the findings. A summary of key proteomic studies
and their main findings is provided in Table 1 and discussed below.

Table 1. Cuorent protecmic research results relevant to podocyte diseases and their main findings.

Study Groups Tissue/Biofluid Method Significance

. (Murine model) F‘_EGS—upregulated Protem:. mvoh.:ed W}mc
Shui et al. [55], FSCS and healthe Us 2DE MAIDI-  disturbance, apoptosis, ECM protein deposition, and
2008 m"]g y Lone TOF MS sclerosis (COL4A1, ECM-1, KIK, KNGI precursor,

e ANXA1, CDHL and ADAM3?)

Sedicetal [56], 12 INS, 12 healthy Us LOMS INS5—74 proteins upregulated, 9 potential biomarkers
2014 controls e - Onxidative stress may be a pathogenic mechanism

. 10MCD, 7 FSGS ~ MCD/F5GSMN —upregulated Albumin fragments and
é‘;ﬁ;‘;’ tal ¢ MN, 10healfhy Urine/Plasma %g%f&[snmr SERPINAI in urine and plasma compared to healthy

B controls B controls
MNafaretal [38], 11FSGS6IgAN 8 | FSG5—upregulated CD59, CD44, IBF7, Robed, and
2014 healthy controls D nanoLCMS  peep)

Muruve et al. [59], 15 MCD, 37 MN,

MCD—70-protein signature; serpin family proteins
downregulated compared to MN/healthy contrels (SER-
PINALQ, SERPINA4, SEFPINCI, SEFPINEZ, and SER-
PINF1); complement system and coagulation pathway
downregulated

2022 20 healthy -:ctntn:t]:..1:'1";“:]:“2I SOMascan MCD—upregulated immmme and growth factor signal-
ing proteins (STATI, STAT3, CDLG, and FGF16); car-
bohydrate and lipid metabelism (GAPDH, GSK2ZA/E,
FEM2, HE2, CHST6, LEFPIE, APOE, and APOAL) com-
pared to MN/healthy controls

Discovery cohort:
4MCD, 4 F5G5, 4
MM, 4 healthy
Choietal [60].  controls Ultine SDS-PAGE, LC- MCD—upregulated CD14, C9, and SERPINAL
2017 Validation cohort: M5 FSG5—upregulated CDH26, RNASE], and DIS3L
13MCD, 5F5GS,
26 MN, 9IgAN, &

healthy controls

Araumietal [61] 14MCD,IIDN, [ nano-LC/MS

DN —upregulated urinary RBP4 and SH3BGFL3 com-

2021 23MN pared to MCD
Navarro-Mutioz et Iggf‘l\(:;s{iiﬂc?r ? Ultine HPLC-MS/MS MCD/F5G5 —upregulated SEFPINAL and dovmregu-
’ 7 r i f & ' -
al. [62], 2012 healthe controls lated UMOD compared to healthy controls
Perez et al. [63], 5 s i g UMOD and SEEFINAL can differentiate between FSG5
014 22 F5GS, 2 MCD Urine MALDI-TOF M5 nd MCD
] MCD—upregulated SERPINAL PTAFR, CCNY, TF,
E{‘EEZ stal [64] 55 poes, 24 MCD Urine iﬁfgﬁf op s HTN3, and MRPL17
- FSGS—upregulated CALB2
“Severe” FSGS vs. “mild” FSGS/MCD —upregulated
Chebotareva et al complement activity (Cdb, C39, CFB, and CFI); upregu-
[65], 2022 T BFSGS 9MCD  Urine LC-MS lated podocyte damage (VIN, HPX, GSN, and APOAL);
- upregulated ECM accumulation (CST3, DEF, FEP4,
AHSG, SERPING], LUM, and CLU)
55 INS: 5 SENS .
Sj:]u]-:;h et al. [ea], MCD, 5 SRNS Utine TRAQ LC/MS %TNSEPSGS vs. SRNS MCD —upregulated A9M and
" F5G5, 2 SENS MIN
_ . . Primary F5GS vs. secondary FSGS—upregulated colla-
Catanese et al. [67], 19 prmary £5G5, (7, CEMS gen fragments, SERPINA1, UBE3A, RNF146, comple-
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Hellin et al. [65], 15 idiopathic 2DE, MAIDI-  Three very low-molecular-mass albumin fragments in

2009 i F5G5, 11 genetic  Plasma TOF M5, Westemnplasma of patients with genetic FSGS ws. idiopathic
F5G5 blot, LC-ES-MS  F5G5/ healthy controls

71 N : F5G5—urine protein change pattern in time: upregula-

2014 stal [69], %S ) Urine LC-MS tion of AFM and CP; dovmregulation of CDH?2 and

ACAN; distinet pattern of FETUB and B2M
Bai etal. [70], 2012 9SRNS 3255N5  Urine Chip-M5 SRNS—upregulated SAMDCL, FKBPLA, and mpsK

SENS—downregulated rpmF

Kalantari et al. [71],5 mild FSGS, 5 ad-

Mild FSGS—upregulated DINASE2
Advanced F5G5—upregulated HP

2014 vanced FSGS Uine nano-LO/MS Complement and coagulation pathways activated in
F5G5
4 recurrent FSGS, . ) )
Chimonet al. (28], dnonINScon- — py s nano-LC-MS/MS E:E:‘- dmiﬁm:gmlﬂ;e gemmu;ijindfdml? lliad-
2023 trols; post-trans- § =Bl P & P

plant

binding proteins; dysregulation of mTOR pathway

6 recurrent FSGS,

. 2DE/MALDI-
Lopez Hellmetal. 34 nonrecurrent . TOFLCESI  Urinary ApoA-Ib associated with recurrent FSGS
[29], 2012 FSGS; post-trans- MS/MS -

plant

Andersenetal. 4 INS remis- - .y | Active disease —downregulated wrinary CDHI, CDH3,
[721 2012 sion/active disease | ora/Umne  nanoLCMS ey by
Fivaphanee etal. 19 SRINS, 15555, __ . e =
31 2011 S MALDI-TOE/MS A1BG is associated with SRNS FSGS

2014

Kalantari et al. [74],6 55 F5G5, 4 5K
F5G5

S5—upregulated APOAL

SE—upregulated MXFAS

Acute inflaimmatory response was the predominant bio-
logical process (CLUS, A1AG2, AACT, and TRFE)

Urine LCMS

MCD/IgAN vs. LN/MN—downregulated CD59;

Dong et al. [75], i,;ﬂ ]._i]_j 5;\1&}%’? Ticsue LCM = nano-LC- AN upregulated in every group but not in MCD;
2023 he alth:v cmxtl:ols MS/MS downregulated FLII (regulatory cytoskeleton protein) in
- glomerular disease versus control

Biraretal [76] 6MCD,9FSGS, 3 y e . -
3073 healfhw confrals Tissue LC-MS/MS 58 significant proteins between the 3 groups

< MCD—upregulated ANXA2? and NID1

el

Sorwerallzl SMED, S0l Tisone LCMSMS — MCD—downregulated ZO-1, MYOIC, [TGAS3,

B ACTE3B, and NES
Merchant et al Collapsing FSG5 7, Collapsing FSGS—distinet pattemn of sclerosis compared
[771, 2020 T NOSFSGS6, TissueUrine LCMS/MS to other form of F5GS; upregulated cathepsin B and ca-

B healthy controls thepsin C in tissue

Abbreviations used: FSG5—Focal Segmental Glomerulosclerosis; MCD—Minimal Change Disease;
MN—Membranous Nephropathy, IgAN —Immunoglobulin A Nephropathy; SEINS—Stercid-Re-
sistant Nephrotic Syndrome; INS—Idiopathic Nephrotic Syndrome; 55—Stercid-Sensitive; SE—
Steroid-Resistant; LIN—Lupus Nephritis.

4 1. MCDVFSGS Versus Qther Nephrotic Syndromes/Healthy Controls

One potential use of urinary and plasma proteomics is to identify a panel of proteins
that are able to non-invasively differentiate primary podocytopathies (MCD vs. F3GS)
from other nephrotic conditions or healthy controls. When compared to controls, the uri-
nary profeomic profile of the murine model of F5G5 showed upregulated proteins in-
volved in hemodynamic disturbance, apoptosis, ECM protein deposition, and sclerosis
including COL4A1, ECM-1, KLEK FEINGI precursor, ANXAL CDHI, and ADAM32 [55].
Additionally, molecules involved in oxidative stress were differentially expressed in the
urine of children with idiopathic nephrotic syndrome compared to controls [56]. Another
study showed that albumin fragments and al-antitrtypsin can differentiate
MCD/FSGS5/membranous glomerulopathy (MIN) from controls [57]. In a separate study, a
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comparison of urine samples from 11 patients with FSG5, 6 patients with IgA nephropa-
thy (IgAN), and 8 healthy controls revealed that CD59, CD44, IBF7, Fobod, and DPEF1
were the most significantly differentially expressed proteins for FSGS [58]. In another
study, a panel of 65 plasma proteins was shown to be differentially expressed in MCD
wversus MM or healthy controls, with members of the serpin family identified as a signature
of MCD [59]. Elevated urinary SERPINAL alongside CD14 and C9, was suggested to be
associated with primary podocyte diseases and proposed as a signature panel for MCD
[60]. In the same line of research, REP4 and SH3BGRL3 were found to differentiate be-
tween MCD and diabetic nephropathy [61]. Moreover, downregulated urinary UMOD
and upregulated SERPINAL were found to differentiate MCD and F3GS5 from healthy
controls [B2].

4.2 MCD Versus FSGS

A complementary approach aims to differentiate MCD from F5GS, and several con-
tributions are noted in this regard. In a study by Perez et al_ [63], using the MALDI-TOF
proteomic techmique, discovered that urinary proteinsUMOD, SERFINAL B2M, and ALE
can help differentiate MCD from F5GS. In a distinct study, it was observed that SER-
PINAIL, TF, HTN3, and MRPLI7 levels were reduced in F5GS when compared to MCD,
whereas CALB2 levels were elevated [64]. Additionally, Apolipoprotein Al, Alpha 2 mac-
roglobulin (A2M), and OFM?2 could differentiate steroid-resistant MCD from steroid-re-
sistant F5G5. In the same study, significantly higher values of retinol-binding protein 4
(RBP4) were observed in patients with F5G5 compared to those with MCD [66]. Another
study identified ApoAd, HPX, VIN, GSN, and components of the complement system
(C4b and factors B and I), along with retinol- and vitamin D-binding proteins, as proteins
able to differentiate MCD from F3G5 (differentiated according to the severity of the dis-
ease and response to treatment [65]). Notably, in the same study, patients classified with
the “severe” form of FSGS5 exhibited increased urinary proteins including components of
the MAC (C8a and C9) and downregulation of the protective factor CD59.

4.3. Primary Versus Secondary F5GS

Another interesting and contributive approach is aimed at differentiating primary
from secondary F5G5. This is important from a clinical and therapeutic point of view as
the therapeutic approach is fundamentally different. In this regard, Hellin et al. [68] de-
scribed three very low-molecular-wweight albumin fragments which were present in the
plasma of patients with genetic F5G5 as opposed to idiopathic F5GS, offering a potential
biomarker for distinguishing between these two etiologies. Furthermore, a comprehen-
sive study has described a panel of 93 proteins, induding upregulated collagen fragments,
SERPIMNAL UBE3A, RINF146, complement C3, and PLG, as well as a downregulated frag-
ment of PIGE, which collectively serve as biomarkers to differentiate primary from sec-
ondary FSG5S [67].

4.4. Prognosis and Response to Treatmendt

The proteomic characterization of biofluids can be used as a non-invasive approach
for predicting response to treatment and prognosis in podocyte diseases. There are several
attempts published in this area, with one notable investigation using a murine model of
adriamycin-induced F5SGS5. This study showed specific trends in the urine proteome pat-
tern as disease progressed: the upregulation of proteins such as AFM and CP and the
downregulation of CDH?2 and ACAN were observed throughout the course of the disease.
In conirast, distinct trends for FETUE and E2M were noted in different stages of FSGS in
mice [69]. Several studies have identified differentially expressed proteins that may serve
as biomarkers to differentiate between subtypes of nephrotic syndrome or predict
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prognosis. For instance, differentially expressed proteins such as rpmF, SAMDCI,
FEEFP1A, and rpsK were claimed to differentiate between steroid-sensitive nephrotic syn-
drome and steroid-resistant nephrotic syndrome [70] Also, decreased urinary CDHland
CDHS3 were observed in patients in remission from nephrotic syndrome, suggesting their
potential confribution to pathogenesis [72]. Kalantari et al. [71] also identified a panel of
urinary prognostic biomarkers in patients with FSGS, with DNASE2 and HP showing the
greatest fold change in terms of overrepresentation and underrepresentation in FSGS pa-
tients with the best and worse prognosis. A particular form of Apolipoprotein, Apo-Alb,
was first increased in the urine of F5GS patients with relapsing disease but not in genetic
or non-relapsing forms [29]. Chhmon et al. [28] shed light on some potential mechanisms
involved in F5GS5 recurrence, by comparing plasma proteomic findings (including soluble
proteins and extracellular vesicle proteomic profile) of post-transplant recurrent F3GS pa-
tients to non-INS patients and healthy controls: upregulated proteins were involved in
neutrophil degranulation and downregulated proteins invelved in platelet degranulation
and lipid-binding (including APOATL). In the same study, proteomic findings of podocytes
exposed to the plasma of patients with requrent F5G5 revealed the dysregulation of
mTOR pathway and significant differences in proteins involved in cytoskeleton organiza-
tion. Another study reported APOAL and MXEAS as the most significant proteins with
the highest fold-change differentiating steroid-resistant and steroid-sensitive FSGS [74].
Additionally, alpha-1-B glycoprotein was found to be associated with steroid-resistant
F5GS [73].

The current biomarker research snapshot for podocyte disease can seem confusing at
this point. Differences can partly be explained by the targeted patient population and by
the differences in proteomic techmique. Also, the untargeted approach to biofluid bi-
omarkers can be influenced by pathogenesis, proteinuria, and/or reduced renal function;
all these factors need to be addressed in order to improve prediction by biomarkers.

5. Proteomic Biomarkers: The Way Forward?

Proteomic analysis has changed over time: as more advanced technologies, such as
high-resolution mass spectrometry and refined protein quantification methods, continue
to evelve, they provide greater sensitivity and accuracy in detecting low-abundance pro-
teins and post-translational modifications. These advancements enable a more compre-
hensive and detailed analysis of biofluids, increasing the potential to identify novwel bi-
omarkers. Accordingly, the success of biomarker discovery is in enhancing the sensitivity
and specificity of proteomic analyses. Effective sample preparation is critical in improving
the detection of low-abundance proteins. An option for biclogical fluids would be affinity-
based depletion tools which selectively remove high-abundance proteins; in tissue sam-
ples, Laser Capture Microdissection (LCM) can be a pertinent optiom. LCM enables the
isolation of specific tissue regions and structures (such as the isolation of glomeruli), im-
proving both the sensitivity and tissue specificity, thus providing insights into localized
disease processes.

Bead-based sample preparation methods have gained attention (SP3 approach—
Hughes), which is an excellent option for scenarios involving low amounts of samples. In
the context of proteomic studies on kidney disease, a combination of the above-mentioned
sample preparation strategies was employed by Hohne et al. [78]. The authors proposed
an optimized sample preparation protocol for the analysis of the proteome of a single
glomerulus, enabling them to quantify the proteomes in kidney nephron segments con-
sisting of as few as 200 cells and monitor podocyte marker proteins from as few as 80
pedocytes per glomerulus independently of antibodies.

The need to analyze low sample amounts underscores the growing requirement to
dissect complex biclogical systems into their individual compoments, particularly
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individual cells, in order to dissect their intrinsic heterogeneity. Advancement in tech-
niques has allowed single-cell proteome characterization, which was able to achieve a
depth profile of thousands of proteins per cell [79]. One of the most recent technique de-
velopments resulted in deep visual proteomics, which merges artificial intelligence image
analysis, automated laser microdissection, and high-sensitivity mass spectrometry while
maintaining the spatial information of the single-cell proteomic findings [80]. While sin-
gle-cell proteomics in renal tissues is still in its early stages, there have been promising
advancements enhandng all aspects of MS-based proteomics analvtical framework—
from sample preparation to M5 data acquisition and processing.

An important area of proteomics is the study of post-translational moedifications
(PTMs). These modifications (phosphorylation, glycosylation, etc ) play a crucial role in
regulating protein function, stability, localization, and interactions and, subsequently, can
dramatically impact cellular processes. In the context of kidney diseases, these moditica-
tions have been found to be integral to pathogenesis, as they are associated with cellular
responses to injury, fibrosis, and inflammation in renal tissues. The authors refer the
reader to the excellent, comprehensive overview of Liu et al. [81] which details the molec-
ular mechanisms by which PTMs contribute to the pathogenesis of renal diseases. In FSGS5,
the study by Chhuon et al. [28] provides critical insights into the early signaling events
that ocour in pedocytes after exposure to plasma from rF5GS patients. The authors high-
lighted that, following the exposure of podocytes to rF5GS plasma, several phosphopro-
teins involved in cytoskeleton rearrangement and mTOR activation were significantly
modified. The ability to analyze these PTMs at a cellular level, particularly through ad-
vancements in single-cell proteomics, offers a promising avenue for understanding the
complexities of kidney disorders.

Bioinformatic tools have significantly enhanced proteomic study cutcomes by ena-
bling the identification of connections at the pathway level, improving the interpretation
of complex biological data, and fadlitating the discovery of key biomarkers and pathways
involved in various diseases. These tools also aid in visualizing large-scale data generated
from proteomic experiments and in integrating results from other omics fields while cov-
ering several stages of analysis: from MS raw data analysis and protein identification and
anmotation to the post-processing steps, including functional and pathway analysis, pro-
tein—protein interaction networks, statistical analysis and validation, integration with
other omics data, and data visualization. While the increased availability of computational
resources has made these tools more accessible, it has also made it easier to make mistakes,
leading to inflated or misleading results. This issue is compounded by the lack of stand-
ardized guidelines in the field regardless of the level at which these tools are applied,
further increasing the potential for errors.

Furthermore, eveolving data analysis techniques, including machine leamning algo-
rithms, may contribute to more precise interpretation of complex proteomic data, enabling
better classification and prediction of disease subtypes and treatment responses. Another
direction is the integration of multi-omics approaches, such as mass spectrometry-based
metabolomics, as it can provide a more holistic understanding of disease pathways. These
advancements bring us closer to personalized medicine in podocyte diseases, where tai-
lored therapeutic strategies can be developed based on individual biomarker profiles and
underlying pathogenic mechanisms. These advancements are one of the reasons for which
proteomic research holds significant promise as a way towards personalized medicine in
this field, pending several amendments.

In our view, it is difficult to assess the value of a broad biomarker panel or an untar-
geted biofluid proteomic approach applied indiscriminately to the enfire spectrum of
MCD/FSGS. It would be of incomparably greater value if the proposed biomarkers were
directly linked to a specific pathogenic pathway, hence enabling the identification of a
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subset of patients with a defined mechanism for podocyte injury, potentially amenable to

a specific therapeutic approach.

Based on pathogenesis, some contributions of targeted proteomics approaches can
be listed:

+  Complement activation has emerged as an important mechanism in the pathogenesis
of F5GS5 and is strongly assodated with more severe morphological injury and poorer
prognosis. Decreased plasma C3 levels were associated with loss of kidney function
and, more importantly, proteinuria and tubulointerstitial injury, as well as a progres-
sive renal disease in FSG5 [82]. Furthermore, both plasma and urine complement
proteins, incduding MAC, correlate inversely with kidney function and directly with
proteinuria and histologic findings in FSGS5 [83,84]. Recent reports have indicated
that urinary C5a and MAC may serve as useful biomarkers for distinguishing FSGS
from MCD [85].

+ B lymphocyte-mediated injury, as evidenced by the presence of nephrin antibodies,
annexin anfibodies, and other antibodies [36,37,75], has been identfified as a key con-
tributor to disease in certain subsets of patients within the MCD/F3GS5 spectrum.

+ T lymphocyte-mediated mechanisms have been identified through the increased
D80 levels in the urine of nephrotic MCD patients, a marker not observed in pa-
tients in remission from MCD or in F3G5 patients [86]. This suggests that CD80 may
serve as a potential biomarker for active disease and could play a role in the patho-
genesis of nephrotic syndrome in certain patient subsets.

+  Proinflammatory and profibrotic pathways can be reflected by elevated urinary TGF-
£ levels, which are reported to be higher in FSGS compared to MCD [87].

A step forward in identifying the pathogenic mechanisms involved and developing
more accurate biofluid biomarkers is the untargeted proteomic glomerular study. In re-
cent decades, the advancement of proteomics techniques, coupled with the ability to sep-
arate glomerular tissue from formalin-fixed, paraffin-embedded biopsies, has led to tre-
mendous progress in the characterization of several glomerular diseases, like MIN, C3 glo-
merulonephritis, and amyloidoesis. These studies have, in many cases, resulted in the re-
classification of diseases (membranoproliferative glomerulonephritis and amyloidosis) or
prompted a reevaluation of diagnosis and management in MIN [1]. However, attempts to
characterize the spectrum of MCD/FSGS through these methods are surprisingly scarce.
Cme study, published in abstract form, suggests that secondary F5GS5 is assodated with
upregulated complement pathways, while the primary form of F5SG5 shows upregulated
proteins invelved in cell-to-cell and matrix adhesion compared to MCD [88]. Furthermore,
one study performed proteomic analysis om whole FFPE renal tissue and discovered up-
regulated LAMP] and ACSL4 in pediatric resistant FSGS5, and their finding also support
complement activation in FSGS [89]. Upregulated complement alongside fibrinogen path-
way and protease inhibitors (SEFPINAL and SERFINA3) were also described in a differ-
ent study by the characterization of ECM in a murine model of F5GS [90].

Another study suggested that complement-regulating proteins, such as CD59, were
substantially decreased in MCD when compared to other glomerular diseases known for
complement-related inflammation (MM or IgAN) [75]. Our own research identified 58 sig-
nificantly different proteins when comparing MCD, F5GS5, and healthy controls; the path-
way analysis of these proteins was assodated with cytoskeleton dynamics and nephrin
interactions [76]. Furthermore, we identified ANXA? as one of the significantly increased
proteins in MCD compared to controls [12].

‘e believe that efforts focusing on tissue proteomics in the FSF5/MCD spectrum has
to be amplified for at least two reasons. First, given the considerable heterogeneity of path-
ophysiological mechanisms in MCD/FSGS, proteomic findings can vary significantly from
one patient to another. In our own experience, differentially expressed proteins can differ
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within the F3GS or MCD groups, which is eventually a reason to reclassify patients within
the MCD/F5GS spectrum. For instance, in one of our previous findings, the proteomics
profiles of certain MCD patients were more cosely related to controls, while others re-
sembled FSGS profiles (as shown in Figure 4, which presents a heatmap of differentially
expressed proteins in MCD/F5SGS and healthy controls [76]). To enhance the value of pro-
teomic findings, more uniform pathogenesis-based cohorts with larger numbers of pa-
tients are needed. Glomerular proteomic studies should be able to ultimately distinguish
between specific pathways of disease. This is elegantly illustrated in a study which shows
that collapsing forms of FSGS are driven by enzymes such as cathepsin B and cathepsin
C. derived from activated parietal cells infiltrating glomerular tufts that result in distine-
tive patterns in matrix production and/or degradation, not found in non-collapsing forms.
The parietal epithelial cell signature in collapsing FSGS is illustrated by an increase in
specific proteins, such as anmexin A3, alongside cathepsin B and cathepsin C [77].

Second, once one or more significantly upregulated proteins have been identified in
glomerular tissue, an attempt can be made to measure them in urine or plasma. Of course,
tissue, plasma, and urine have different proteomic signatures as they are different com-
partments and an upregulated tissue protein is not necessarily found in urine (and/or
plasma). However, certain proteins with possible pathogenic roles could derive from
plasma (e.g., cytokines, enzymes, and permeability factors) and, more importantly, urine
proteins can reflect shedding of tissue proteins. For example, C4d is found in glomeruli of
F5GS5 even before sclerosis develops [43], and increased urinary and plasma C5b-9 and
C5a in F5G5 have been reported [84,85]. Urinary nephrin and podocalyxin are early mark-
ers of proteinuric glomerular diseases, reflecting podocyte injury [91,92].

Biofluid-directed proteomic studies offer the advantage of being non-invasive, but,
as mentioned, they can be influenced by several factors: renal function can result in an
increase in plasma proteins and proteinuria, and influence the abundance of urinary pro-
teins, not necessarily reflecting pathogenic process within the glomeruli (accidental find-
ings), and the tubular compartment can further confound results (protein reabsorption or
tubular source of proteins). The complexity of the relation of tissue proteomics to urinary
findings is reflected in the aforementioned study by Merchant et al. [77], in which some,
but not all, of the urinary proteins found to be increased in collapsing FSG5 are correlated
to the tissue abundance of proteins. However, the value of biofluid proteomic findings
would be significantly enhanced if studied within a prospective cohort guided by tissue
proteomics findings.

Such biomarkers could be evaluated at the time of first presentation and repeated
during remission and during relapse in order to certify that they are influenced by the
pathogenic process of podocyte injury and are not an accidental finding. A similar ap-
proach would determine whether they also have a prognostic value in terms of predicting
response to therapy or relapsing course. This approach would enhance the clinical ap-
plicability and accuracy of biofluid biomarkers for monitoring and choice of therapy. A
potential workflow is suggested in Figure 5.
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6. Concluding Remarks/Future Perspectives

The spectrum of MCD/FSGS needs urgent reassessment based on pathogenetic mech-
anisms in order to allow persomized treatment and improve prognosis. A merely
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histological approach is insufficient whereas increasingly refined proteomic techniques
might be an important tool for a personalized, fine-tumed diagnostic and therapeutic ap-
proach.

Our proposed approach in biomarker research aims to transition from tissue prote-
omics, whi as mentioned before, most closely reflects the underlying pathological
mechanisms and structural changes within the podocyte diseases, to urine or plasma pro-

In this way, a patient or subgroup of patients exhibiting the same pathophysiology
of podocyte injury, as identified by tissue proteomic profiling, could potentially be char-
acterized by biofluid biomarker approaches. This would offer significant value for non-
invasive diagnostic perspectives and, most importantly, for prognostic evaluation and
therapeutic decision-making.
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Ahstract

Inrroducrion Vascular  calcifications (VCs)  and
renal osteodystrophy (ROD) are frequently seen
together and represent the major causes of morbidity
and mortality in hemodialysis (HD) patients. Some
studies suggest a pathogenic link between them, but
there 1s no consensus as yet regarding this issue. The
main objective of our study was to establish whether
there is any relation between VCs and ROD in our
HD patients. We evaluated the prevalence of VCs and
ROD and the relationship between VCs and some
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clinical and biochemical characteristics of HD
patients.

Merhods  We examined radiological signs of VCs and
ROD on hands and pelvis bone radiographs in 81 chronic
HD patients, and we calculated a VC score on this basis.
Resulis We found a significant relation between
radiological signs of ROD and those of WVC
(P = 0.019). The patients with ROD had a higher
mean VC score (P = 0.02). By linear regression, the
W score correlated directly with serum calcium (Ca),
phosphorus (P), intact parathyroid hormone (1PTH)
and CaxP product and inversely with serum albumin.
The logistic regression model revealed that ROD, male
gender and treatment with calcium salts were predic-
tive of VCs development. There were no associations
between VCs and age, HD vintage, diabetes, dialysate
Ca concentration, vitamin D treatment, spKUY, URR
and C-reactive protein (CRP) levels.

Conclusion There seems to be a pathogenetic link
between bone and artery diseases in chronic HD
patients. Both VCs and ROD have a high prevalence.
ROD, male gender and treatment with calcium salts
are risk factors for VCs.

Keywords Hemodialysis - Vascular calcifications -
Renal osteodystrophy

Introduction

Chronic kidney disease (CKD), renal replacement
therapies and various treatments induce complex

@ Springer
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biochemical disturbances of the calcium—phosphate
metabolism witha wide spectrum of bone, vascular and
soft tissue abnormalities. Changes in mineral metab-
olism and bone structure are an almost universal
finding in progressive chronic kidney disease [1-3].

The cardiovascular diseases are highly prevalent in
hemodialysis (HD) patients. They are induced and
favored greatly by vascular calcifications (VCs) [4, 5].

These cardiovascular and bone complications
represent major causes for morbidity, impaired
autonomy, decreased quality of life and eventually
death in these patients [6, 7).

Renal osteodystrophy (ROD) represents a hetero-
gensous pattern of bone disturbances associated with
CKD and concomitant diseases, including osteitis
fibrosa cystica (OFC) induced by secondary hyper-
parathyroidism (SHPTH), osteomalacia (0OM),
adynamic bone discase (ABD), mixed uremic oste-
odystrophy, osteoporosis, aluminum bone disease,
amyloid bone disease and metastatic calcifications
[3]. Since 1943, when the term “ROD"™ was intro-
duced [8], the diagnosis was based mostly on
radiographic findings. Although numerous new diag-
nosis modalities such as PTH levels, bone mass
density, and bone biopsy have been introduced in
clinical practice [9-11], plan film radiography,
especially fine quality hand radiography, still plays
a role [12]. The main radiographic findings are
induced by HPTH and are located especially in
hands, clavicles, sacrum-iliac and pubic bones. OM
and ABD are painful complications, and their main
clinical and radiological manifestations are bone
fractures [3, 12-15]. Recently, the “Kidney Disease:
Improving Global Outcomes™ (KDIGO) foundation
recommended that the term “ROD™ should be used
exclusively for alterations in bone morphology
assessed by biopsy associated with chronic kidney
disease [2]. But bone biopsy is a laborous and
painful procedure, it allows the analysis of a single
bone site and it has limited indications in clinical
practice. Therefore, bone radiographs remain a key
method for the diagnosis of ROD.

Wascular calcifications can also be diagnosed by
plain radiography, numerous studies demonstrating a
good sensitivity and specificity compared with CT-
techniques [16, 17]. Plain radiology is used in order to
investigate various arterial sites situated in the pelvis,
thigh [7, 18, 19], hands [4], abdominal aorta [17], feet
[7] and even knee, arm and skull [5]. The KDIGO

@ Springer

guideline for chronic kidney disease—mineral and
bone disorders (CKD-MBD }—recommends only radi-
ography for the detection of VCs as a screening tool [2,
20].

Numerous studies have demonstrated associations
between atherosclerosis and osteoporosis in the general
population [21-23]. This association between bone and
vascular disorders was also observed in patients with
CED, concerning the two main types of CKD-MBD,
high bone turnover (SHPTH) and low bone tumover
(ABD) diseases [24, 25], but this association is not
consistent in all studies. The coexistence of abnormal
bone and VCs represents a double threat for dialysis
patients. Today experts use the terms “kidney—
bone—vascular axis™ or “bone—arteres cross-talk
in CKD" [26]. The KDIGO proposed this new term,
CED-MBD., in the attempt to bring together alterations
in mineral metabolism, bone changes and vascular or
other soft tissue calcifications [2, 20].

The main objective of our sudy was to see
whether there is a link between VCs and ROD in a
cohort of HD patients, using radiography for diagno-
sis. Secondary objectives were to evaluate the
prevalences of ROD and WCs, as well as the
relationship between VCs and several clinical and
biochemical characteristics of HD patients, especially
mineral metabolism markers.

Patients and methods

This cross-sectional study has been carried out in a
cohort of randomly selected HD patients treated in
Mefromed Dialysis Center, Cluj-Napoca, Romania.
Eligibility critena were dialysis duration =6 months,
age =18 years, and patients’ agreement to undergo
radiological examination. Exclusion criteria were
previous parathyroidectomy, previous renal trans-
plant, and other known bone disease. The scoring
ranged from 0 (meaning no calcification) to §
(meaning bilateral calcification of all the arteries).
The data regarding demographical and clinical
characteristics (age, gender, HD vintage, presence of
diabetes, dialysate Ca concentration, and treatments
with calcium-based phosphates binders and vitamin D)
were recorded. The patients were treated with conven-
tional HD, 12 h a week, with polysulphone dialyzer
membranes. They received calcium carbonate or
calcium acetate as phosphate binders and vitamin D
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(calcitriol). Blood samples for the biochemical eval-
uation were drawn prior to the HD session.

The plain radiographic films of hands and pelvis
evaluated allbone abnormalities (Figs. 1, 2). ROD was
defined based on the following diagnostic criteria:
subperiosteal bone erosions located on the radial
border of the middle phalanges of the index and long
fingers and on the femoral neck: resorbtion of the
terminal phalanges tuft (acroosteolysis); juxta-articu-
lar bone erosions around the metacarpo-phalangeal
joints, appearing as small lucent defects (cysts);
subchondral bone resorption of the sacrum-iliac and
the pubic joints with a widened and irregular joint

Fig. 1 Hands radiograph. Subperiostzeal bone resorbtion on the
radial border of the middle phalanges of the index and medins;
acroosteolysis in the distal phalanges. Radial and digital
arteries calcifications

Fig. 2 Pelvis radiograph. Subcondral resorbtion in the sacro-
iliac and public joints. lliac and femoral aneries calcifications

space and sometimes vertical joint subluxation; ero-
sive enthesopathy, and brown tumors. We considered
all the above as typical features of SHPTH-associated
bone disease. Looser zones on pubic branches, iliac
bones, fermoral neck and long bones are rare, but
suggestive for osteomalacia. Osteoporosis and frac-
tures were considered also to be signs of ROD.

Peripheral VCs were evaluated on the same
radiographic films. The hands films were used to
evaluate digital and radial arteries (Fig. 1), and pelvic
films to evaluate iliac and femoral vessels (Fig. 2).
We used the Adragao score for VCs [4], whose
methodology is described in detail elsewhere [27].
The study protocol was approved by the institutional
ethics committee.

The radiological findings were analyzed by two
physicians, a radiologist and a nephrologist, both
blinded to the clinical and laboratory data.

We measured serum calcium (Ca), inorganic
phosphorus (P), alkaline phosphatase (ALP), intact
parathormone (iPTH), urea, albumin and C-reactive
protein (CRP). Calcium—phosphate product (CaxP),
spEt'V = 24 x (1 —urea  postHD/urea  preHD)
— 0276 and URR = {1 — urea postHDVurea pre-
HD) = 100 were calculated.

Statistics

Data were expressed as mean + standard deviation
(5D) for continuous factors, as frequencies for qualita-
tive variables. For continuous variables, the statistical
comparson was made using r~iest or Mann—Whitney
rank sum test. Chi-square or Fisher exact test was used to
evaluate the relation between qualitative variables. We
compared groups with and without VCs and constructed
regression models (logistic for VC as binary variable
and linear for VC as continuous variable) with VC as
dependent variable to assess the association with ROD
and other markers of CKD-MBD. When building a
multivariable regression model, the enter method was
used. A P < 0.05was taken as significant All statistical
analyses were performed using Sigma Stat and SPSS
13.0 statistic packages.

Results

The study cohort consisted of 81 hemodialysis (HD)
patients, 35 women and 46 men, among which 10
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patients had diabetes mellius (DM). Seventy-two
patients (88.99%) were treated with calcium salts and
43 patients (53%) with vitamin D compounds. No
patient received aluminum-containing phosphate
binders. The descriptive statistics results are pre-
sented in Table 1.

Subperiosteal bone erosions was the main radio-
graphic finding, located on the radial border of the
middle phalanges of the index and medius, in 22
patients. Acroosteolysis was found in 10 patients.
Erosions were located also on other fingers and
metacarpal bones. There was a wide range of bone
and joint changes, such as carpal, metacarpal, cubital
and radial styloid cysts, recent and old bone fractures
in 3 patients, hip prostheses in 2 patients, pelvis
subchondral cysts, subchondral sclerosis in 7 patients,
chronic osteoporosis in 31 patients, erosions and
widening of sacrum-iliac joints in 35 patients and of
pubic joints in 16 patients, juxta-articular soft tissue
calcifications in 16 patients and pelvic calcified
enthesopathy in 5 patients. No Looser zones or
brown tumors were observed.

Wascular calcifications were found in the follow-
ing locations: radial artery in 42 patients (31 bilat-
eral), digital arteries in 19 patients (19 bilateral), 1liac

Table 1 Characteristics of the cohort

Feature

Number of patients 81

ROD prevalence (%) T0.37

WCs prevalence (%) 7037

Male gender (%) 56.8

Diabetes mellims (%) 12.34

Mean age (years) 36.67 £ 1203
Age range (years) 28-82

Mean HD vintage ( months) 5211 = 4958
HD time range ( months) 7-231

Ca (mg/dl) 8.16 £ 1.06
P{mg/dl) 6.06 £ 1.76
CaXP (mg dl*) 4921 + 1835
ALP (UM) 29018 £ 180.75
iPTH (pg/ml) 610,69 + 649.6
spit/v 132 £0.22
UEE 6686 + 950
Albumin (g/dl) 408 £0.45
CRP (mg/dl) 127 £ 1.36
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artery in 44 patients (38 bilateral), and femoral artery
in 41 patients (38 bilateral).

The VC score distribution was as follows: score 0
in 24 patients; score 1 in 6 patients; score 2 in 12
patients; score 3 in 3 patients; score 4 in 7 patients;
score 5in 3 patients; score 6in 9 patients; score 7 in |
patient; and score 8 in 16 patients.

The patients were divided into two groups: with
and without VCs. We compared these two groups
regarding the presence of ROD, clinical characteris-
tics and biochemical parameters. The group with VCs
consisted of 45 patients with ROD and 12 patients
without ROD. In the group without VCs, there were
12 patients with ROD and 12 patients without ROD.
We found a significant relation between the presence
of radiological signs of ROD and VCs (P = 0.019).

We also divided the population in groups with and
without ROD, comparing the mean VC scores. The
patients with ROD had a higher mean VU score
(P =002) (Fig. 3); The serum iPTH levels in
various groups are shown in Table 2.

In univariate analysis, the presence of VCs was
associated with higher serum Ca, P, ALP levels
(Table 3) and higher CaxP product. There were no
correlations between VCs and age, gender, HD
vintage, presence of diabetes, dialysate Ca concen-
tration, vitamin D treatment, spKtV, URR, and CRP
(Table 3).

i0

WC score

T 1
Group with ROD  Group without ROD

Groups

Fig. 3 The mean VO score in the groups with and without
ROD (F = 0.02)
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Table 2 The serum iPTH levels in the smdied population

iFTH( pg/ml}) Total patients
<150 150-300 =300

Group with ROD 10 12 35 57

Group without ROD 9 3 12 24

Group with VO 12 11 i4 37

Group without VC 7 4 13 24

Total HD patients 149 15 47 81

By linear regression, the VC score as a continuous
variable correlated directly with serum Ca, P, iPTH
and CaxP and inversely with serum albumin
{Table 4).

In order to assess the influence of the studied
variables on the presence of VCs, we introduced the
data in logistic regression. The independent variables
were age, gender, diabetes, dialysate Ca, Ca and
vitamin D treatments, serum Ca, P, CaxP, iPTH,
ALP, spKt/V, URR, serum albumin and CRP. The
created model revealed that ROD (P = 0.029;
OR = 7.704; 95% CI= 1.239-47916), gender
(P = 0.036; OR = 7.226; 95% CI = 1.138-45.882)
and oral treatment with calcium salts (P = 0.04;

OR = 1.006; 95% CI = 1-1.011) are predictive for
V(s presence (Table 5).

Discussion

The prevalence of mineral and skeletal complications
in long-term HD patients increases as the life
expectancy of these patients improves [2, 3, 28].
Most of the patients treated for more than 10 years
experience skeletal complications that may impair
their autonomy. On the other hand, cardiovascular
disease represents the most important cause of death
in these patients, vascular calcifications playing an
important role [4, 5, 29].

Our study demonstrated there is a link between
bone and wvascular disease in HD patients. The
presence and the severty of VCs were significantly
related to ROD occurrence. We also found a high
prevalence of these two complications in our HD
patients.

The association between rmadiographic ROD
and VCs could shed a light on the pathophysiclogic
links between bone and vascular disease. The oste-
oporosis—VC association can be observed in the
general population in the absence of overt mineral

Table 3 Comparison

between the two groups of Feamre Patients without VC Patients with VU I

pm:}enu'_ with and without Number of patients 24 57

ves ROD (%) 50 78.04 0.019
Age (years) 574 £123 564+ 119 072
HD vintage (months) 26.5 (15.5-43.5) 37 (19.5-94.3) 012
Male gender (%) 10 pts (41.66%) 36 pts (63.15%) 0.44
Diabetes (%) 2 pts (8.33%) 8 pts (14.037%) 0.71
Dialysate Ca (mmol/l) 1.5 (1.5-1.63) 1.5 (1.25-1.5) 0048
Calcium salts treatment (g/vear) 317.9 + 196.1 307.9 + 167.6 0.81
Vitamin I} reatment (mcg/year) 225 (0-67.5) 5.75 (0-37.5) 0.10
Serum Ca (mg/dl) 797 £1.17 833 + .98 0.029
Serum P (mg/dl) 547 £1.34 631 + 1.88 0.05
CaxP (mgdl*) N4 +142 529 + 187 0.004
ALP (UM 188 (160.5-246) 258 (183-349.5) 0.009
iPTH (pg/ml) 5.5 (139.2-535.8) 397 (198.2-1091.2) 012
Spku'V 14 (1.25-1.5) 1.3 (1.2-1.4) 017
URR 0.2 (63.5-74.3) 66.6 (61.2-71.5) 017
Albumin (g/dl) 424 (3.91-4.49) 416 (39-4.3) 017

Note: Bold values indicate CRP (mg/dl) 0.56 (0.26-1.33) 0.95 (0.5-1.59) 0.13

statistically significant

@ Springer
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Table 4 Linear regression for VC as a continuous dependent

variable

Independent variable P
Age (years) 034
HI» vintage (months) 086
Dialysate Ca {mmol/1) 0.10
Treatment Ca (gfyear) 042
Treat vit I} (mcg/fyvear) 015

Serum Ca (mg/dl)
Serum F (mg/dl)
CaxP (mg*/dl?)
iPTH (pg/ml)
ALP (U}
Spku'v

LURE

Albumin (g/dl)
CRP (mg/dl)

0.02; & = 0.25 (direct)
0.03; & = 0.23 (direct)
0.002; & = 0.32 idirect)
0.05; & = 0.21 (direct)

008, R = 0.19

013

012

0.019; ® = —0.26 (inverse)
042

Note: Bold values indicate statistically significant

metabolism disorders. In CKD or ESRD patients, the
relationship between VCs and bone disorders is
associated with deterioration of mineral and bone
metabolism caused by changes in serum phosphate
and calcium and disruption of endocrine pathways,
which intervene in osteoblast-like transformation of
vascular smooth muscle cells [30].

In our study, most of the bone X-ray changes
belonged to OFC, secondary to HPTH. Osteoporosis
and fractures could be due to any kind of disease
included in the concept of ROD, but the exact
subtype of ROD could not be specified in this study.
Regarding osteoporosis, KDIGO recommends that
the term should not be used to describe bone fragility
in CKD patients, since bone is likely to be more
severely affected by CKD than might be expected
from normal aging, because of the extreme tumover
and remodeling that occur in CKD [20].

The increased bone resorbtion seen in HPTH is
frequently associated with VCs [31, 32]. A high
frequency and extent of VCs are also observed in
patients with bone demineralization and low bone
wmover [18, 24, 25].

Some authors demonstrated an association between
high serum iPTH levels and the severity of coronary
calcifications in HD patients [33]. We previously
described a positive relationship between peripheral
V(s and mineral metabolism markers, with serum
iPTH being predictive for VC severity [27].

Some studies suggest that serum Ca, P and CaxP
are responsible for cardiovascular calcifications or for
the link between bone and VCs [34-36]. We
observed in our study that high serum Ca, P, CaxP
and ALP were associated with VCs in univariable
analysis; Ca, P, CaxP and iPTH comelated directly

Table 5 Logistic

regression with Vi as oR 25.0% C.

binary dependent variable Lower Upper
Age (vears) 0.878 1.005 0.940 1075
Gender (%) 0.036 7.226 1.138 45,882
DM (%) 0.466 2344 0237 23.188
ROD 0.029 7.704 1.239 47916
CaxP (mg™dl) 0.561 1217 0.627 2362
Ca (mg/dl) 0.977 0.945 0.021 42421
P (mg/dl) 0560 0213 0.001 38.791
iPTH (pg/ml) 0,490 1.001 0.999 1003
ALP (UM 0.130 1.007 0.998 1.015
URR 0.803 1.088 0.559 2118
Ktv 0.882 0.120 0.000 177848456054.560
Albumin(mg/dl) 0,986 0,983 0.143 6.744
CRP(mg/dl) 0.730 00.921 0.575 1.474
Oral Ca salts (glyear) 0.040 1.006 1.000 1011
Vit D treat (mcgfyear) 0,289 0,991 0975 1.008

Nete: Bold values indicate Ca dialysate (mmol/l) 0273 0.040 0.000 12717

statistically significant
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with VCs in linear regression analysis. The multivar-
iable analysis revealed that beside ROD, oral treat-
ment with calcium salts 1s a risk factor for VCs,
which is in accordance with other studies [37, 38].

Low levels of serum albumin were correlated with
the VC score, and male gender was a risk factor for
Vs, similar to other studies [5], both being recog-
nized as cardiovascular risk factors.

We cannot distinguish whether the ROD radiolog-
ical findings belong to high or low turnover bone
disease, but their presence means that the bone is
damaged because of the CKD. The particularity of
our study is that we used the old adiography as a tool
with two edges: one is considered sharp for diagnos-
ing VCs and the other is maybe unfairly considered
blunt, for evaluating ROD. Since both ROD and VCs
are chronic conditions, we used ROD to assess the
pathogenetic link between bone and vasculature, as
single serum markers like P, Ca and PTH may not be
representative of abnormalities that develop over a
longer period of time.

Possible limitations

The accuracy of radiography for classifying ROD
findings as high or low bone turnover disease may not
be satisfactory. It can only indicate that there is a
bone problem. There are concerns about radiation
exposure. With renal failure, some possible preexis-
tent bone diseases (like senile osteoporosis) might be
considered as ROD. This could be a misleading
approach. This semiquantitative VC score may not be
suited for assessing progression.

Conclusion

QOur study demonstrated that ROD and VCs do not
develop independently, but they seem to be linked with
each other. The VC score correlates with high Ca, P,
iPTH and CaxP and low albumin serum levels. ROD,
male gender and oral treatment with calcium salts are
risk factors for VCs. Without underestimating the
value of new diagnostic tests, we suggest that, even if
considered obsolete, radiography should not be aban-
doned, as it can provide valuable information about
both of these important complications of CKD: bone
and vascular disease. Along with biochemical markers,

radiography can help nephrologists to get a betler
picture of this new nosologic entity: CKD-MBD.
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