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ABSTRACT

The present study aimed to assess some bone turnover in chronic kidney disease with and without
hemodialysis. 50 individuals were involved in the study and divided into three groups; the first two
groups were patients with chronic kidney disease (15 were with hemodialysis, and 15 were without
hemodialysis), and the third group involved 20 healthy individuals as a control group. Some bone
turnovers like parathyroid hormone, vitamin D3, insulin-like growth factor-1, osteopontin, fibroblast
growth factor-23, and calprotectin were analyzed using serum from all individuals. The serum
concentration of parathyroid hormone was significantly lower (P<0.05) in chronic kidney disease with
non-hemodialysis compared to chronic kidney disease with hemodialysis group and healthy
individuals. While serum concentrations of vitamin D3, insulin-like growth factor, and osteopontin
were significantly lower in both chronic kidney disease groups compared to healthy individuals. The
serum concentration of fibroblast growth factor showed a non-significant difference (P>0.05) in both
chronic kidney disease groups compared to healthy individuals. While serum concentration of
calprotectin showed a significant increase (P<0.05) only in the chronic kidney disease without
hemodialysis group compared to both other groups.
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INTRODUCTION
Chronic Kidney Disease (CKD) is a worldwide
health issue, and about 13.4% of the global
population has the disease.

CKD is classified into 5 stages, the first 3 stages
were asymptomatic, while the last two stages
were symptomatic, and patients undergo
hemodialysis (1). The majority, 79 percent, were
in advanced stages of the disease (stages 3-5);
however, the actual proportion of people with
early CKD (stages 1 or 2) is likely to be much
higher because early kidney disease is clinically
silent (2).

The most critical variables in the classification of
patients with CKD are bone mineral density
(BMD) and bone turnover. Variations in kidney
function can lead to changes in serum
biochemical values due to communication
pathways between the bone, kidney, and
parathyroid glands (3). Controlling biochemical
parameters of CKD-MBD patients has been
reported to be critical in these individuals.

Radeef et al. (2020) show a significant increase
in both serum Parathyroid hormone (PTH), and
Vitamin D3 (VD3) among CKD (4), while
Gallieni et al. (2016) show the opposite (5).

Several studies indicate that some bone turnover
biomarkers are affected in CKD. Teppala et al.
(2010) show that the serum Insulin-like growth
factor decreased among CKD (6), while Nishi et
al. (2022) show the opposite (7). Shamsulddin et
al. (2020) show a significant increase in serum
Osteopontin  (OPN) among Iraqi CKD (8).
Ameen and Ali, (2018) showed increased serum
levels of Fibroblast growth factor-23 (FGF-23)
among CKD (9). There are rare studies about
serum calprotectin among CKD, also, locally in
Irag, this is the first study about calprotectin
among Iragi CKD. As well as the effect of CKD
on these bone turnover biomarkers is still not
clear, as well as the effects of hemodialysis and
non-hemodialysis.

So, the current study aimed to assess serum levels
of bone turnover biomarkers, and serum
calprotectin among hemodialysis and non-
hemodialysis Iragi CKD.

MATERIALS AND METHOD

The design of the study

The current study involved 30 patients with CKD
divided into CKD with hemodialysis and CKD
without hemodialysis (each one with 15 patients),
also, the current study involved 20 healthy
individuals as a control. Both patients and
healthy individuals’ ages ranged from 18-45
years. Patients with acute chronic disease and
healthy subjects who decline consent were
excluded from the study.

Blood samples from the study population were
aspirated and the serum was used to assess serum
PTH, VD3, IGF-1, OPN, FGF-23, and
calprotectin.

Evaluation of bone turnover biomarkers
The ELISA technique was used to assess all
biomarkers in the study using commercial Kits.

Statistical analysis

All results are expressed as Mean+S.D using
SPSS (V.23) program, then the differences
between all groups were detected using a One-
way ANOVA test followed by the Duncan
multiple ranges.

RESULTS
Statistical analysis showed a significantly
decreased (P<0.05) concentration of serum PTH
in CKD with hemodialysis and CKD without
hemodialysis groups compared to the healthy
subjects. As shown in Table 1.

Table 1 shows a significant increase (P<0.05) in
serum VD3 concentration in both CKD groups
compared to the healthy subjects.

As shown in Table 1, the results showed a
significant increase (P<0.05) in the serum IGF-1
concentration compared to the healthy subjects.

Serum OPN was significantly higher (P<0.05) in
both CKD groups in the present study compared
to the Healthy subjects. As shown in Table 1.
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As shown in Table 1, Serum FGF-23 showed
non-significant differences (P>0.05) in both
CKD groups compared to the healthy subjects.
As shown in Table 1.

Lastly, the current study showed a significant
increase (P<0.05) in serum calprotectin in CKD
without hemodialysis group compared to both
CKD with hemodialysis and the Healthy
subjects. As shown in Table 1.

TABLE 1: Assessed serum PTH, VD3, FGF-23, IGF-1, OPN, and calprotectin levels in CKD
without hemodialysis, and CKD without hemodialysis patients compared to the healthy subjects.

CKD with | CKD without Healthy subiects
Parameters hemodialysis hemodialysis Y subj P-value
Mean+S.D
PTH pg/ml 27.36+£22.22B 18.38+6.25 C 36.63+£10.79A 0.001
VD3 ng/ml 60.76+50.19A 54.18+15.99A 27.86+25.74B 0.029
IGF-1 pg/l 21.04+11.38A 21.41+12.02A 29.75+16.32B 0.031
OPN ng/ml 1.61+0.7A 1.9+0.65A 1.13+0.37B 0.005
FGF-23 7.27+1.95A 6.71+1.96A 5.24+2.43A 0.096
Calprotectin ng/ml | 4.65+1.79B 5.74+0.78A 4.12+1.24B 0.005

- Different litters indicate significant differences at P-value <0.05.

DISCUSSION

Reflecting the elevated occurrence of CKD, the
current study was created to provide some proof
of some biomarkers of bone turnover in the Iraqgi
population. The results of the statistical analysis
in the present study showed a significant decrease
(P<0.05) in the serum of PTH level and a
significant increase (P<0.05) in the serum level
of VD3.

Many signaling molecules like PTH, VD3 and
some other factors regulate both new-bone
secretor cells (Osteoclasts, and osteoblast) (10).

Abnormalities in some biomarkers like PTH, and
VD3 describe a systemic condition of bone and
mineral metabolism caused by chronic kidney
disease—mineral and bone disorder (CKD-
MBD) (11).

A study by Radeef (2020) presented a
significantly higher (P<0.05) concentration of
VD3 and PTH in CKD patients (4). Recent
findings indicate that kidney disease is associated
with a higher incidence rate of vitamin D
deficiency or insufficiency, and severely
proteinuric patients have a higher incidence rate
than the smallest values. However, the current
study found that VD3 serum levels were
significantly higher (P<0.05) in CKD patients

throughout the study. One possible explanation
for this increase is that most of these patients
received vitamin D supplementation
(alfacalcidol) throughout the course of the study.

PTH is indeed the predominant calcium as well
as a phosphate-regulating hormone made by PTH
chief cells, high serum levels of calcium,
calcitriol, or FGF23 limit PTH secretion, whereas
hypocalcemia, hyperphosphatemia, and/or a drop
in 1,25-dihydroxy vitamin D (1,25(0OH)2D) level
result in increased PTH secretion (12).

Dawson-Hughes et al. (2016) in their study
mentioned that even though patients with CKD
have decreased enzyme activity of 1-hydroxylase
in the kidneys, the parathyroid gland contains 1-
-hydroxylase, allowing the metabolically active
form of vitamin D to be produced locally in a
paracrine/autocrine fashion to inhibit PTH
secretion (13).

A pro-hormone called vitamin D (VD) is
necessary for higher animals to survive. It is
created endogenously in the skin by a
photochemical reaction and is only found in a
small number of dietary types (14).
Ergocalciferol (VD2) and cholecalciferol (VD3)
are the two main types of VD, and they both
follow comparable metabolic routes (15).
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The most typical sources of VD2 are "fortified"
meals and vegetable sources. Although it can be
found in animal-based diets, pre-vitamin D3 and
then VD3 are mostly produced in the skin by
photolytic ~ conversion of cutaneous 7-
dehydroxycholesterol by UV radiation (16).

The results of the current study agreed with the
study of Naveh-Many and (2017) regarding PTH
concentration in CKD (17). Other studies
(5,18,19) as these studies have stated that
increased serum PTH is common among CKD
patients.

Underbjerg et al. (2018) mentioned in their study
that hypoparathyroidism is common among CKD
patients (20).

This study also aimed to show if the changes in
serum IGF-1 levels are correlated with some
bone turnover in hemodialysis and non-
hemodialysis CDK and total thyroidectomy
patients.

Hormones and growth factors like IGF-1
primarily regulate bone turnover by influencing
the recruitment, differentiation, and activity of
osteoclasts and osteoblasts. How thoroughly
bone collagen is calcified during the formation
stage of skeletal remodeling is reflected by
mineralization. Inadequate vitamin D intake,
mineral (calcium or Pi) insufficiency, acidosis,
and aluminum toxicity are causes of poor
mineralization (21).

Our study showed that the concentration of IGF-
1 decreased in CDK patients, and these results are
confirmed by Al-khateeb (2013) findings which
show that the serum IGF-1 decreased in CDK
patients, and he pointed out that this decrease in
IGF-1 was correlated with high urea in serum
(uremia) (22). Also, this finding confirms studies
of (23). The main reason for this is that uremia
causes inhibition of both GH and IGF-1(24).

Additionally, aging and insufficient nutrition
have been linked to a decrease in IGF-1 mRNA,
with one contributing factor being protein
restriction, which is frequently imposed as CKD
develops (7).

By contrast, a study by Teppala et al. in the USA

in 2010 showed that the levels of IGF-1 were
increased among adults with CDK (6).

Vasilkova et al. (2020) showed that the levels of
IGF-1 were decreased among diabetic CDK
patients (25).

IGF-1 is a hormone with a molecular structure
resembling that of insulin. It is crucial for a
child's development and continues to be anabolic
in adults (26). It is well recognized that IGF-1 is
a powerful mitogen for renal mesangial cells,
which can promote cell migration and the
formation of fibronectin, proteoglycan, laminin,
and type 1V collagen, therefore accelerating the
development of CKD in diabetics (27).
Prechondrocytes are believed to respond to the
hepatic growth factor IGF-1 once they have
reached adulthood by proliferating and growing
larger, which lengthens the bone (28).

One explanation for reduced IGF-1 levels in
CKD and total thyroidectomy patients in this
study may be that hypoparathyroidism occurred
in both groups as seen in table 1, and this is
confirmed by the study of Dura-Trave and
Gallinas-Vectoriano (2022) (29).

OPN, a glycol-phosphoprotein present in bone,
has also been linked to angiogenesis, renal cancer
growth and invasion, lupus nephritis formation in
people with systemic lupus erythematosus, and
the potential to serve as a marker of acute
allograft rejection following kidney
transplantation (30). OPN is crucial for
controlling vascular calcification and bone
mineralization (31).

OPN’s expression is powerfully influenced by
PTH. OPN, a secreted glycoprotein, is a
prominent bone matrix protein that promotes the
adhesion of osteoclasts to the bone matrix
regulating the synthesis and resorption of bone
(32).

Our findings demonstrate a substantial rise in the
plasma level of OPN in CKD patients. These
results are in line with earlier CKD investigations
that showed increased OPN (33). OPN may be
elevated in our patient samples due to MBD or
chronic inflammatory conditions, where it is
upregulated. It is significant to highlight those
high levels of OPN are linked to all-cause
mortality in CKD5-HD patients (34).

Shamsulddin et al. (2020) show a significant
increase in serum OPN in Iragi postmenopausal
women with osteoporosis (8). As OPN is
expressed in bone osteoblasts and osteoclasts
cells and related to bone turnover and density
BMD. By making it easier for osteoclasts to bind
to the bone matrix, OPN performs crucial roles in
bone resorption (35).
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The study of Lorenzen et al. (2011) showed a
significant increase in the serum levels of OPN
among patients with acute kidney injury (36).
Also, the study of Nawar et al. (2022) showed a
significant increase in the serum levels of OPN
among patients with CKD patients (37).

One explanation for increased serum levels of
OPN in CKD patients in the present study is that
CKD patients suffer from a low Glomerular
Filtration Rate, in this in line with some earlier
studies (36).

Osteoblasts in bone are crucial for maintaining
mineral ion  homeostasis and  bone
mineralization. Osteocytes emit the majority of
FGF23, which is a vital factor in the
physiological regulation of phosphate. This
implies that they may also be responsible for
phosphate and bone metabolism disorders (38).

Serum FGF-23 levels were assessed in the
present and revealed a non-significant rise in the
two CDK groups.

According to the research by Ameen and Ali
(2018), CDK patients with hypoparathyroidism
had significantly higher levels of FGF-23 (9).

Children with CDK have higher serum FGF-23,
according to research by Portale et al. (2016)
(39).

FGF23, which has been connected to cardiac
hypertrophy, heart failure, and all-cause
mortality as early as stage 2 CKD, is one of the
first markers to begin rising in the blood (40).

In CKD patients, higher blood FGF23
concentrations have been demonstrated to
positively correlate with elevated serum levels of
inflammatory  markers. Numerous clinical
studies have proven the relationships between
FGF23 and inflammatory markers in disease
conditions (41).

According to Lopez et al. (2011), PTH does not
appear to stimulate FGF-23 when there is
hypocalcemia (42). this may explain why FGF-
23 has not increased in the presence of a decrease
in PTH in CKD patients.

From these results, it can be inferred that whereas
PTH concentration in CKD patients does not alter
the concentration of FGF-23.

Locally in lIraq, the present study to our
knowledge is the first study about calprotectin in
CDK patients. Serum calprotectin showed a
significant  increase in CDK  without
hemodialysis with normal levels in and patients
with hemodialysis.

Calprotectin is considered a neutrophil-cytosolic
protein, consider a sensitive indicator of
neutrophil turnover. It rises during the acute
phase of response toward infection. Serum
calprotectin increases during infection more than
during systematic inflammation (43).

The first report to assess peritoneal calprotectin
in patients with peritonitis was by Sevik et al.
(2022) who exhibited that the peritoneal
calprotectin increased (44). While the study by
Heller et al. (2011) showed that urinary
calprotectin was 60.7 times higher in intrinsic
Acute Kidney Injury (45).

According to our knowledge, the study by Kanki
et al. (2020) confirmed the findings of the current
study regarding increases in serum calprotectinin
CDK patients (46). It also demonstrated a
significant increase in plasma calprotectin in
patients with CDK and a positive correlation
between plasma calprotectin  and the
concentration of Pi. Calcitonin in CDK has a
direct link with serum phosphate (47) because
serum phosphate applies its cytotoxicity if it
creates insoluble nanoparticles with calcium
(49). According to (48), TLR-4-dependent
calcitonin secretes cytokines that harm cells, and
calprotectin has a pathogenic function by
enhancing TLR4/nuclear factor kappa B (NF-B)
signaling (49). In light of these data, we can say
with some certainty that serum calprotectin may
be linked to CDK pathogenesis.

The fact that CPT is an inflammatory protein that
may be enhanced with hs-CRP, WBC, or platelet
counts in chronic inflammation—one of the key
factors critical to the pathogenesis in HD patients
may explain a large increase in serum
calprotectin in CDK without hemodialysis in the
present study.

From these findings, we conclude that serum
calprotectin is more affected in CDK without
hemodialysis than CDK with hemodialysis.
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CONCLUSIONS
CKD with hemodialysis and CKD with
hemodialysis has the same effect on serum IGF-
1, OPN, and FGF-23, while PT and calprotectin
are more affected in CKD without hemodialysis
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