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Abstract 
         Parathyroid hormone (PTH) is produced and secreted by the parathyroid glands and acts on 
the kidneys and bones. It's the main factor regulating the homeostasis of serum calcium and 
phosphate levels. In this study, we evaluated several biochemical indicators of kidney function in 
patients with chronic kidney disease and mineral disorders. We tested the level of total calcium, 
phosphorus, parathyroid hormones, and vitamin D3. In patients with chronic kidney disease and 
treated by regular hemodialysis. The sample collation was performed at the Medical City Dialysis 
Center and Iraqi Dialysis Center in Medical City from October 2022 until April 2023. The study 
showed that the level of PTH, vitamin D3, Ca and PO4 was highly significant ((p ≤ 0.0001) 
increase in patients with Chronic Kidney Disease (CKD) in comparison with controls . 
       There was a correlation between PTH levels and each (calcium, phosphor and vitamin D3) in 
CKD patient groups. This study showed that the increase in PTH levels leads to a decrease in total 
calcium levels and an increase in phosphor levels in patients with chronic kidney disease. 
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Introduction 
          The kidneys are a vital organ responsible for filtering blood and removing waste from the 
body. As a result, they play a crucial role in the transportation and disposal of nanoparticles inside 
the body[1]. Kidney disease is a worldwide health issue that has significant mortality rates and 
socioeconomic consequences. It encompasses conditions such as acute kidney injury (AKI), 
chronic kidney disease (CKD), diabetic nephropathy (DN), and lupus nephritis (LN)[2].    CKD is 
a broad term encompassing various illnesses that impact the structure and function of the 
kidneys[3, 4].   CKD is widely acknowledged as a significant worldwide health issue, as it plays a 
substantial role in causing illness and death.   [5]. Its  is  a  patho-physiologic  process   with   
multiple etiologies, resulting in the inexorable attrition of Nephron number and function and 
frequently  leading  to  end-stage  renal  disease  (ESRD)   [6].   Chronic kidney disease–bone 
mineral disorder (CKD-MBD) encompasses several interconnected problems, such as low calcium 
levels (hypocalcemia), high phosphorus levels (hyperphosphatemia), insufficient vitamin D 
(hypovitaminosis D), and increased levels of parathyroid hormone (PTH). [7]PTH is primarily 
made and produced by the parathyroid main cells of the parathyroid glands in response to a 
decrease in circulating calcium levels. Numerous conditions, such as insufficient PTH or vitamin 
D production, PTH resistance, and others, can lead to hypocalcemia[8,9]. 
      In the kidney, PTH plays two primary roles. The mechanism of action involves the up-
regulation of TRPV5, a calcium transporter located on the tubular epithelium in the thick ascending 
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loop of Henle, distal convoluted tubule (DCT), and collecting ducts. This up-regulation facilitates 
the reabsorption of calcium.   In addition, PTH attaches to specific locations in the proximal tubule, 
inhibiting phosphate reabsorption.   Secondary hyperparathyroidism is a multifaceted condition 
that arises when chronic renal disease advances.   The accumulation of phosphorus and the 
decrease in calcium and vitamin D levels prompt the production and release of parathyroid 
hormone, as well as the pace of growth of parathyroid cells[10].   Hypocalcemia and 
hyperphosphatemia are significant stimuli for releasing PTH.   The excessive production of PTH 
characterises secondary hyperparathyroidism (SHPT) due to parathyroid hyperplasia triggered by 
factors such as low calcium levels, high phosphorus levels, or reduced levels of active vitamin D[ 
11,12]. Calcium ions (Ca2+) play a crucial role as a widespread and essential intracellular 
messenger, participating in various cellular and biological activities.   Alterations in the 
extracellular Ca2+ concentration can disturb the regular cellular processes and the physiological 
functioning of these systems[13].   It is crucial for adequately functioning the heart, kidneys, bones, 
and nervous system.   The majority of the calcium present in the body is stored in the bones in the 
form of calcium-phosphate complexes. 
      Calcium gives the bones strength and structure and acts as a dynamic reservoir to regulate 
calcium levels within and outside cells.  Calcium is vital in various activities, including 
intracellular and extracellular signalling, nerve impulse transmission, and muscle 
contraction[14,15].  The two main hormones regulating calcium levels are PTH and 1,25-
dihydroxy vitamin D (1,25D).   The secretion of PTH is increased by low levels of calcium in the 
blood (hypocalcemia) and decreased by high levels of calcium (hypercalcemia).   The primary 
factor is the diminished production of 1,25-dihydroxy vitamin D in the renal system, which directly 
promotes the release of PTH and indirectly affects calcium absorption in the intestines.   
Furthermore, there is a decrease in calcium release from the bone due to diminished responsiveness 
of the bone to PTH in combination with a shortage of calcitriol[16].  Phosphate is a vital nutrient 
for living organisms as it is a constituent of high-energy molecules such as AMP, ADP, and ATP. 
It is also crucial for maintaining the helical structure of nucleic acids like RNA and DNA.   
Phosphate is crucial in the mineralization process[17].   It is a constituent of high-energy molecules 
such as AMP, ADP, and ATP and is crucial for the helical structure of nucleic acids like RNA and 
DNA.   Additionally, it serves as a crucial regulator in blood and urine, aiding in maintaining a 
balanced acid-base equilibrium.   Due to its extensive involvement in nearly all molecular and 
cellular processes, alterations in serum Pi levels and equilibrium can have significant and adverse 
consequences.   The equilibrium of Pi levels in the body is regulated through Pi absorption from 
the gut, release from bone, and elimination through the kidneys.   The majority of phosphorus (Pi) 
in the body, around 85%, is found in bone, whereas only a tiny fraction, about 1%, exists as free 
Pi in extracellular fluids.   The extracellular quantities of inorganic phosphate (Pi) in humans range 
from 0.8 to 1.2 mM. In plasma or serum, Pi is present in both its monovalent (H2PO4-) and divalent 
(HPO4-2) forms [17].   
Materials and Methods 
study design 
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            The sample collation was place in the Medical City Dialysis Centre and the Iraqi Dialysis 
Centre, both located in the Medical City.   The blood sample collection and practical activities for 
this study spanned from October 2022 to April 2023.   The study had a total of 50 patients, 
including females and men, ranging in age from 20 to 69 years.   (50) Control participants, whose 
ages ranged from 20 to 69 years, were selected to match the age of the patients.   The blood sample 
was placed in a gel tube and allowed to coagulate at a temperature of 37 ºC for a duration of 30 
minutes.   Subsequently, the mixture underwent centrifugation at a speed of 4000 revolutions per 
minute for a duration of 10 minutes in order to isolate the serum . 
Methods and Biochemical Determinations 
      The BioMéreux Vidas system was utilised for the analysis of PTH and 25(OH)D hormones.   
This method use the ELFA (Enzyme-Linked fluorescence Assay) technology, which is an 
immuno-enzymological technique that detects fluorescence in two stages.   This method enables 
the visualisation of an antigen-antibody interaction by generating a coloured reaction. The reaction 
is facilitated by an enzyme that is linked to the antibody and acts on a substrate.     The resultant 
analytical signal is the intensity of light that is directly proportional to the concentration of the 
drug being measured in the sample.   Calcium and phosphorus levels were quantified using 
ROSCH/ (Cobas c111) using flame atomic absorption spectrophotometry (FAAS).   FAAS 
functions by utilising the heat from a flame to separate the element from its chemical bonds, 
leading to the creation of unexcited or ground-state atoms. 
Statistical analysis         
          The SAS (2018) programme was utilised to identify the impact of various factors on the 
research parameters through statistical analysis.   The Least Significant Difference (LSD) test, 
which is a part of the Analysis of Variance (ANOVA), was employed to compare the means in a 
statistically significant manner.   The chi-square test was utilised to determine the statistical 
significance of comparing percentages at the 0.05 and 0.01 probability levels. Estimate of Odd 
ratio and CI in this study [18]. 
 
Results  
    This study showed that the average age of the patient group was (47.24 ±1.84) years table (1), 
which was similar to the average age of the healthy control group (44.72 ±2.79) years. Age-
matched between the patients and the control group. The lack of substantial differences indicates 
that the research sample is homogeneous. The biochemical parameters and clinical characteristics 
of kidney function from the whole CKD groups and the control group are shown in (table 2) 
parathyroid hormones, vitamin D3, Total calcium and phosphor were comparable between the 
CKD group and control group. The study showed that the mean total calcium for the patient's 
group was (8.54 ±0.14), and there was a highly significant decrease in the CKD group when 
compared with the control group  (p ≤ 0.0001) Table (2) and Figure (1). 
Discussion 
     The present study investigated the lower calcium in CKD patients in the present study, similar 
to Numerous studies [20, 21]. Who found the levels of calcium in the CKD group were lower and 
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there is a highly significant difference between the study groups. Also, a study by[22] revealed 
that 55.7% of patients with CKD exhibited abnormal calcium levels. another study by [23] found 
that   (P<0.0001)   in   circulating concentration of total calcium in patients (8.06±0.18 mg/dL)   as   
compared   to   controls   (10.15±0.23 mg/dL). As CKD advances, calcium levels tend to decrease, 
and there is an increased reliance on a positive gradient to maintain a neutral camouflage in 
intestinal calcium absorption. This is because calcium can be absorbed and lost across the 
gastrointestinal tract.    As shown in Table (2) and Figure (2), phosphorus level was highly 
significant (p ≤ 0.0001) increase in patients (5.64 ±0.18 mg/dl) with CKD in comparison with 
control group(3.79 ±0.11 mg/dl) This result agrees with [24],  in Karbala city found that a 
significant increase (P<0.05) in concentrations of phosphorus level in kidney failure groups when 
compared with healthy people and study by [25] in Baghdad city found that phosphorus level was 
highly significant (p ≤ 0.01) increase in patients (4.69 ± 0.12 mg\dl) with CKD in compare with 
control group (3.85 ± 0.07 mg\dl). 
        A study by [26], examined serum phosphate levels and associated factors in individuals with 
CKD.   The findings demonstrated that serum phosphate levels in American CKD patients (CRIC) 
were markedly elevated compared to those in Chronic Kidney Disease-Japan (CKD-JAC) patients, 
irrespective of the stage of CKD.   This discovery implies that there could be differences in 
phosphate measurements across different countries, which in turn may result in changes in 
cardiovascular risk among individuals with CKD.    
      The level of PTH showed a highly significant ((p ≤ 0.0001) increase in patients with CKD 
(695.92 ±49.36 pg/ml) in comparison with controls (31.96 ±1.74 pg/ml), as shown in table (2) and 
figure (3). PTH levels were elevated in CKD patients. These findings are compatible with [22, 25, 
27], who found higher evolution PTH among CKD patients and control PTH has proved valuable 
as a marker of CKD and is frequently assayed for this reason [28].  When the calcium level drops, 
the parathyroid gland releases PTH, which increases calcium reabsorption in the collection duct, 
distal convoluted tube, and ascending loop of Henley. Additionally, the PTH enhances the kidneys' 
production of vitamin D3, which promotes calcium absorption through the intestine. Osteoclasts 
that take part in the release and reabsorption of free calcium are activated by PTH [29. 30]. Table 
(2) and figure (4)  showed a highly significant decrease in vitD3 levels(p ≤ 0.0001) in patients with 
CKD (11.98 ±0.79 mg/dl) compared with a control group (20.38 ±2.31 mg/dl). This study agrees 
with Numerous studies [31], which found that vitD3 level was significantly lower in CKD groups. 
According to [32], 97% of hemodialysis patients had insufficient levels of VitD3, [33], , showing 
that patients undergoing chronic hemodialysis lack vitD3, and only 4% had a level within the range 
considered normal by the KDOQI guidelines.   Furthermore , study by [34], has substantiated that 
Vitamin D plays a crucial role in regulating calcium and phosphate balance inside the body .a 
study by [35] found that (97.33%) of ckd patient have vit D deficiency and (2.33%) of patient were 
normal Additionally, it exerts various impacts on the cardiovascular system, central nervous 
system, endocrine system, immunological system, and cellular differentiation and proliferation, 
extending beyond its effect on bone health.   The primary factor is a decrease in the production of 
1,25-dihydroxyvitamin D in the kidney, which directly stimulates the release of parathyroid 
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hormone (PTH) and also indirectly affects the absorption of calcium in the intestines.   
Furthermore, there is a decrease in calcium release from the bone because the bone becomes less 
responsive to parathyroid hormone (PTH) when there is a shortage of calcitriol[16, 36].  

Table 1: Comparison between study group in age 

Group No Mean ±SE of Age (year) 

Control 50 44.72 ±2.79 

CDK 50 47.24 ±1.84 

LSD value --- 6.773 NS 

P-value --- 0.613  

  NS: Non-Significant. 

Table 2: Characteristics of study subject 

P-value LSD value Control 
Mean ± SE 

CKD 
Mean ± SE 

Variable 

0.613 6.773 NS 44.72 ±2.79 47.24 ±1.84 Age 
0.0001 127.31 ** 31.96±1.74 695.92±49.36  PTH (pg/ml) 
0.0001 4.236 ** 29.38 ±2.31 11.98 ±0.79  Vit.D3(mg/dl) 
0.0001 0.435 ** 9.59 ±0.10 a 8.34 ±0.14 b Ca (mg/dl) 
0.0001 0.584 ** 3.79 ±0.11a 5.64 ±0.18 a PO4 (mg/dl) 

Means having with the different letters in same column differed significantly, * (P≤0.05), ** 
(P≤0.01). 

 
Figure 1: Comparison between patient and control group in CA 

9.59

8.35

8.0

8.4

8.8

9.2

9.6

10.0

C
al

ci
u

m
 (

C
a)

Control                 CKD



 

54  | ©2024 The Authors   
Romanian Journal of Diabetes, Nutrition and Metabolic Diseases  :: https://jrdiabet.ro/ 

Rom J Diabetes Nutr Metab Dis. 2024; Volume 31, Issue 1 

 

Figure 2: Comparison between patient and control group in PO4 

 
Figure 3: Comparison between patient and control group in PTH 
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Figure 4: Comparison between patient and control group in D3 
Conclusions: 
      PTH and phosphorus had a linear, statistically significant association. And there was no 
statistically significant association between calcium and PTH, in CKD patients, A problem with 
vitamin D activation in the kidneys causes hypocalcemia and hyperphosphatemia. 
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