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Introduction
Chronic kidney disease (CKD) is defined as a disease 

characterized by alterations in either kidney structure or function 
or both for a minimum of 3 months duration. It can be caused by 
a variety of conditions and this introduces significant heterogeneity 
in terms of how patients with CKD may present to their clinicians. 
However, irrespective of the etiology of CKD, patients with mild 
CKD are mostly asymptomatic and symptoms are generally related 
to CKD complications that are observed in the late stages. The 
major complications related to CKD include cardiovascular disease, 
anemia, infectious complications, neuropathy and abnormalities 
related to mineral bone metabolism. Disturbance in mineral and bone 
metabolism accompanied by soft tissue and vascular calcification 
is one of the most common and important consequences of CKD 
development and progression.1 CKD is characterized by increased 
cardiovascular risk partly due to increased prevalence of traditional 
cardiovascular risk factors such as hypertension and diabetes mellitus 
and also due to direct increased cardiovascular risk from non-
traditional cardiovascular risk factors such as anemia, malnutrition 
inflammation syndrome, retention of uremic toxins and chronic 
kidney disease–mineral bone disease (CKD-MBD).2 CKD patients 

are also at high risk to develop end stage renal disease (ESRD) and 
risks for all-cause as well as cardiovascular mortality is even higher 
for ESRD compared with CKD patients.3

Sudden cardiac arrest is the leading cause of death for patients with 
ESRD. The potential factors increasing the risk for sudden cardiac 
arrest in patients with CKD include fluid overload, cardiomyopathy, 
ischemic heart disease, corrected QT interval dispersion, sympathetic 
over activity, obstructive sleep apnea, baroreflex ineffectiveness, 
inflammation, iron overload, abnormalities in ion metabolism, and 
electrolyte shifts.4 Jain et al.5 reported that hyperkalemia is associated 
with increases in the all-cause mortality and advanced CKD is an 
independent predictor of hyperkalemia. Sudden cardiac arrest is 
the most common cause of death for ESKD patients treated with 
hemodialysis, occurring at a rate 30 times greater than the general 
population.6 Even if a hemodialysis patient is able to be resuscitated 
after experiencing SCA, the likelihood of long-term survival is 
exceedingly low. The study of Bleyer et al.7 showed that a reduction 
in glomerular filtration rate alone enhances sudden cardiac arrest risk, 
but it is evident that exposure to conventional hemodialysis augments 
this risk even further. Certainly, a higher prevalence of traditional 
cardiac risk factors such as advanced age, ischemic cardiomyopathy, 
diabetes, and preexisting arrhythmic heart disease is observed among 
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Abstract

The major complications related to CKD include cardiovascular disease, anemia, 
and abnormalities related to mineral bone metabolism. Disturbance in mineral and 
bone metabolism accompanied by soft tissue and vascular calcification is one of the 
most common and important consequences of CKD development and progression. 
Sudden cardiac arrest is the leading cause of death for patients with end stage renal 
disease) ESRD (. The potential factors increasing the risk for sudden cardiac arrest 
in patients with CKD include fluid overload, abnormalities in ion metabolism, and 
electrolyte shifts. Hyperkalemia is associated with increases in the all-cause mortality 
and advanced CKD is an independent predictor of hyperkalemia. This study aimed to 
investigate the prevalence of cardiac arrest and CKD-MBD risk factors, as electrolyte 
imbalance, defect in mineral metabolism, anemia, and diabetes among CKD patients. 
This study was performed in El-Zahraa hospital in the West of Libya and conducted 
on 72 patients (35 males and 37 females) with chronic renal failure from January 
to June 2013 and a group of 40 (20 males and 20 females) individuals as control. 
By estimating GFR, most of patients (about 80%) were in stage five of chronic 
kidney disease. The patients who within stage four limits were about 17% is very low 
percentage of patients who within stage three limits (about 3%), on the other hand, 
no patients within limits of stages one or two. By measuring serum electrolytes for 
patients and control groups, the results showed that about half of the patient groups 
were with hyponatremia and hyperkalemia. Calcium levels in patients was lower than 
control in about 40%, and Phosphorus level was higher than normal in 85% of patient 
populations. The illustrated results were showed that more than 50% of patients had 
increase in the alkaline phosphatase enzyme activity. The results also illustrated that 
most of patients were anemic (80%) and fifty percent of patients were diabetic.

Keywords: bone disease, cardiac arrest, electrolytes, risk factors, etiology, 
anemia, hyperkalemia, dispersion, bone volume, bone turnover, bone mineralization, 
creatinine, sodium, potassium, calcium

Journal of Applied Biotechnology & Bioengineering 

Research Article Open Access

https://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.15406/jabb.2017.03.00079&domain=pdf


Chronic kidney disease-mineral bone disease (CKD-MBD) and cardiac arrest risk factors among renal 
failure patients

416
Copyright:

©2017 Azab et al.

Citation: Azab AE, Elsayed ASI. Chronic kidney disease-mineral bone disease (CKD-MBD) and cardiac arrest risk factors among renal failure patients. J Appl 
Biotechnol Bioeng. 2017;3(5):415‒420. DOI: 10.15406/jabb.2017.03.00079

patients with CKD, but whether these factors predict sudden cardiac 
arrest during a hemodialysis treatment remains unclear.6

In addition to effects on mortality and progression to ESRD, 
CKD is marked by disturbance in mineral and bone metabolism 
accompanied by soft tissue and vascular calcification which is one of 
the most common and important consequences of CKD development 
and progression. This systemic disorder is now referred to as CKD–
mineral and bone disorder (CKD–MBD). These alterations include 
biochemical abnormalities in calcium, phosphorous, parathyroid 
hormone (PTH), vitamin D, fibroblast growth factor-23 (FGF-23), 
changes in bone morphology such as bone volume, bone turnover, 
bone mineralization and calcification of soft tissue and blood vessels.3 
This study aimed to investigate the prevalence of cardiac arrest and 
CKD-MBD risk factors, as electrolyte imbalance, defect in mineral 
metabolism, anemia, and diabetes among CKD patients.

Materials and methods
This study was conducted on 72 patients (35 males and 37 females) 

with chronic renal failure from January to June 2013 and a group of 40 
(20 males and 20 females) individuals as control. Ethical approve and 
patients consent statement were taken from everyone and the study 
was performed in El-Zahraa hospital in the west of Libya. At first, all 
patients with proven chronic renal failure were included in study. In 
order to eliminate effects of sex and age on comparison between cases 
and control groups, age and sex were selected in each pair of groups as 
similar as possible. Demographic and anthropometric data including 
age, sex, weight, height, BMI and blood pressure were measured for 
the participants. All patients and normal participants were Libyans, 
above 18 years of age, and free from chronic degenerative diseases 
such as cancer or peritonitis. Five mL of blood was drawn by venous 
puncture. Collected blood sample was emptied in plain vial for 
biochemical tests. After clotting of blood in the plain vial, serum 
was separated, within an hour; by centrifugation at 3000-5000g for 
5min. Serum was used for measurements of urea, creatinine, Sodium, 
Potassium, Calcium, Phosphorous and glucose levels. Laboratory 
standard operation procedures were maintained for all laboratory 
analysis. Internal quality control sera, both normal and pathological, 
were also run for each lot of the test, for the validation of the results. 
Biochemical studies were performed using commercially available 
kits from Biomeriux (France) according to the manufacturer’s 
instructions. Sodium and potassium ions were determined using 
Na+ and K+ filter of flame photometer (Jenway PFP7. ESSEX.UK.). 
Defining variables CKD was defined as reduced excretory function 
with an estimated GFR (eGFR) <60mL/min/1.73m2 as a marker of 
kidney dysfunction. 

Furthermore, CKD was defined and classified into five stages of 
CKD as per National Kidney Foundation guidelines. The formula of 
Cockcroft and Gault equation (8) was used to calculate eGFR.

eGFR=[140-age (in years)]xweight (in kg)/[72xserum creatinine 
(mg/dl)]

Statistical analysis 

Data of patients and control groups were entered in electronic form 
using Microsoft Excel 2010.

The data were analyzed and presented using descriptive statistics 
(absolute and relative numbers, measures of means and standard 
deviation) and appropriate statistical tests (χ2/test, Mann-Whitney 
U test, Fisher test, correlation, and frequency tests), Kolmogorov-

Smirnova and Shapiro-Wilk tests were used to see that data is 
following normal distribution or not. Those parameters which were 
not following normal distribution were analyzed by nonparametric 
tests using Graphpad prism analytical software. A probability level or 
p value less than 0.05 (P<0.05) was considered statistically significant. 

Results 
The patients of this study are 35 males and 37 females were 

diagnosed as chronic kidney disease patients by physical and 
laboratory investigations. By estimating GFR, most of patients were 
in stage five of chronic kidney disease, as illustrated in Figure 1, 80% 
of males and 75.6% of female were within this stage. The patients who 
within stage four limits are 17.1% for males and 18.9% for females, 
but there is very low percentage of patients who within stage three 
limits (2.9% for males and 5.5 for females), on the other hand, no 
patients within limits of stages one or two. The tabulated data in Table 
1, showed the significant differences of electrolytes levels between 
patient and control groups. These illustrated data in Table 1 and Figure 
2, showed decrease in mean serum sodium concentration by -4.3% 
for males and -5% for females compared to corresponding control 
groups, 57.1% of male patients and 56.7% of female patients were 
showed decrease in serum sodium ion concentration, this decrease did 
not show correlation with renal function tests as illustrated in Table 
2. On the other hand, Potassium levels were showed correlation with 
eGFR, Creatinine concentrations and blood urea. The illustrated data 
in Figure 3 and Table 1, showed that about 43% of patients in both 
genders were hyperkalemic and 57% were normal, the percentage of 
mean differences of increase were 32.4% and 27.7% for male and 
female patients respectively.

Figure 1 Distribution of patient groups according to stage of CKD.

Calcium levels in serum were illustrated in Figure 4 and Table 
1 which showed decrease in serum calcium in both genders by 
-10.4% and -11.8% for male and female patients respectively. The 
data also illustrate that 42.8% of male and 37.8% of female patients 
showed decrease in Calcium levels in serum, the correlation tests in 
Table 2, did not show any correlation between Calcium levels and 
renal function tests. On the other hand, Phosphorus concentrations 
in plasma were showed correlation with blood urea as indicator of 
kidney function. The illustrated data in Figure 5, showed that, about 
85% of patients were hyper phosphatemic and only 15% were normal, 
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the percentage of mean differences between patients and control were 
75.7% and 63.3% and Calcium Phosphorus product also showed 

increase in patient groups by 63.6% and 47% in male and female 
patients respectively. 

Table 1 Biochemical parameters in CKD patients and control

Gender Groups
Na+ 
(mEq/L) 
M±SD

K+ 
(mEq/L) 
M±SD

Ca++ (mg/
dl) M±SD

Ph (mg/
dl) M±SD

Ca*Ph 
M±SD

ALP 
(IU/L) 
M±SD

Hb (g/dl) FBS (mg/
dl)

Males
Control 140±2.29 4.16±0.29 9.3±0.55

3.67± 
0.479 33.5±4.5 94.9±17.1 13.7±0.99 89.6±12.4

Patients 134**±6.01 5.51**±1.07 8.33*±1.29 6.45**±2.6 54.8**±16.8 198**±109 10.8**±1.79 151**±86.6

Females
Control 140**±2.13 4.15±0.34 9.43±0.479 3.65±0.47 34.4±4.6 93.5±19.5 12.6±0.74 94±11.6

Patients 133±5.87 5.3**±1.3 8.32*±1.7 5.96**±1.7 50.6**±13.8 153**±57 9.74**±1.74 163**±94.3

(*) significant difference compared to control group (P<0.05).

(**) highly significant difference compared to control group (P<0.01).

Table 2 Correlation between serum electrolytes and kidney function tests

Correlation between eGFR 
and Electrolytes

Spearman r
Na+ K+ Ca++ Ph

-0.213 -0.385 0.0599 -0.043

95% confidence interval -0.518 to 
0.140

-0.643 to 
-0.0489

-0.305 to 
0.409 -0.380 to 0.304

P value (two-tailed) 0.2194 0.0225 0.7446 0.806

P value summary ns * ns ns

Correlation between 
Creatinine and Electrolytes

Spearman r 0.213 0.385 -0.0599 0.043

95% confidence interval -0.140 to 
0.518

0.0489 to 
0.643

-0.409 to 
0.305 -0.304 to 0.380

P value (two-tailed) 0.2194 0.0225 0.7446 0.806

P value summary ns * ns ns

Correlation between Urea 
and Electrolytes

Spearman r -0.215 0.425 -0.00239 0.342

95% confidence interval
-0.519 to 
0.137

0.0967 to 
0.670

-0.360 to 
0.356

-0.000765 to 
0.612

P value (two-tailed) 0.2146 0.0109 0.9896 0.0445

P value summary ns * ns *

Figure 2 Distribution of patient groups according to Na+ level. Figure 3 Distribution of patient groups according to K+ level.
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Figure 4 Distribution of patient groups according to Ca++ levels.

Alkaline phosphatase activity was illustrated in Figure 6 and Table 
1 was showed increase in means of activity in patients groups by 109% 
and 64% in males and females respectively with compared to control 
healthy persons. These data illustrated that more than 50% of patients 
were showed increase in the enzyme activity. The data in Figure 7 
illustrated that most of patients were anemic (80%) and the percentage 
of differences between patient and control groups were -21% and 
-22% for hemoglobin in male and female patients respectively. Fifty 
percent of patients were diabetic, ass illustrated in Figure 8, and the 
percentage of differences of means between patients and control were 
68.5% for males and 73% for female patients.

Figure 5 Distribution of patient groups according to Phosphorus level.

 

Figure 6 Distribution of patient groups according to alkaline phosphatase 
activity.

Figure 7 Distribution of patient groups according to hemoglobin 
concentration.

Figure 8 Distribution of patient groups according to blood sugar level.
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Discussion
Alterations in mineral bone metabolism in CKD patients are include 

biochemical abnormalities in calcium, phosphorous, parathyroid 
hormone (PTH), vitamin D, fibroblast growth factor-23 (FGF-
23), changes in bone volume, bone turnover, bone mineralization, 
calcification of soft tissue and blood vessels.3 Current understanding 
of CKD–MBD suggests that calcium, phosphorous, PTH, FGF-23 
(a phosphatonin hormone that is elevated in CKD to promote renal 
phosphate excretion) and vitamin D are the key players in regulating 
mineral and bone metabolism. These factors are inter-related and their 
major target organs include parathyroid gland, kidneys, bone and 
intestinal tract. The classic biochemical abnormalities in CKD–MBD 
are hypocalcemia, hyper phosphatemia, hyper parathyroidism, hypo 
vitaminosis D and elevated FGF-23; however, significant variations 
especially in serum calcium are not uncommon. Bone abnormalities 
in CKD include high bone turnover disease related to secondary 
hyperparathyroidism (referred to as osteitis fibrosa cystica), low 
turnover disease (referred to as a dynamic bone disease), osteomalacia 
(low turnover disease accompanied by under mineralized bone tissue) 
and mixed disease where features of both high and low bone turnover 
disease are present.3 Patients with these bone abnormalities may be 
asymptomatic or may develop symptoms related to bone pain or 
fractures. Although association with bone fractures in earlier stages of 
CKD has been inconsistent across studies,9,10 dialysis-dependent ESRD 
patients have over three to four times increased risk of vertebral and 
hip fractures compared with general population even after adjustment 
for age, gender and race. Factors related to CKD–MBD including 
elevated PTH, vitamin D deficiency, bone remodeling, increased 
bone fragility and micro-structural deterioration along with increased 
fall risk are reported to explain this increased fracture risk in ESRD 
patients. As well described in the literature, CKD is characterized 
by low 25(OH) vitamin D (calcidiol), low 1,25 (OH)2 vitamin D 
(calcitriol) as well as vitamin D resistance.11,12 Alterations related to 
vitamin D metabolism, Hyperphosphatemia and hypocalcemia lead 
to increased synthesis and/or secretion of PTH leading to secondary 
hyperparathyroidism that sets in as soon as GFR falls below 60ml/min. 
Secretion of FGF-23 from osteocytes is increased in CKD and FGF-
23 has been shown to reduce PTH expression via its action through 
Klotho-FGFR1c receptor complex. However, down regulation of this 
complex likely explains why despite increased FGF-23, PTH levels 
are not reduced in CKD.13 As early as stage 2 of CKD, serum 25(OH) 
vitamin D levels begin to decline. Reduced sun exposure, impaired skin 
synthesis of cholecalciferol due to renal disease, hyper pigmentation 
seen in late CKD stages34 and dietary restrictions that are commonly 
advised to CKD patients contribute to high prevalence of vitamin D 
deficiency.14,15 In addition, uremia impairs intestinal absorption of 
dietary and supplemental vitamin D, and in CKD patients with severe 
proteinuria there are high urinary losses of vitamin D binding protein 
(DBP) leading to increased renal loss of vitamin D metabolites. In 
addition to reasons for calcidiol deficiency in CKD patients described 
above, CKD is also marked by calcitriol deficiency.16,17

The rapid change in the extracellular concentration of electrolytes 
during a dialysis session leads to a secondary shift of electrolytes 
between the intracellular and extracellular milieu, which depends 
on the electrochemical gradient. as a result, cellular membrane 
polarization and stability may be affected.18 Hyper phosphatemia 
usually develops as kidney function deteriorates and 40% of patients 
undergoing hemodialysis has hyper phosphatemia, defined as a serum 

phosphate (PO4) level >2.1mmol/l (6.5mg/dl). Hyper phosphatemia 
provokes secondary hyperparathyroidism, smooth muscle 
proliferation, vascular calcification, and coronary atherosclerosis. 
Hyper phosphatemia-induced myocardial calcification could alter 
microcirculatory hemodynamics, raise extra vascular resistance and 
threaten myocardial perfusion. Hyperphosphatemia was associated 
with a mortality risk 27% higher than that of patients with Po4 levels 
0.8–2.1mmol/l. Furthermore, elevated Ca×Po4 product (>5.8mmol/l) 
was also associated with increased risk of death (r=1.34, P<0.01). 
Whether this increased mortality risk is associated with an increased 
risk of sudden death is unknown.19,20 Divalent ion abnormalities 
predispose to vascular calcification of conduit vessels. In addition, 
these abnormalities can contribute to cardiac valve calcification and 
the adverse consequences of arteriosclerosis. Patients on dialysis have 
a two- to five fold increase in coronary artery calcification compared 
to the general population and this is reflected in the high prevalence 
of CAD. However, the vascular calcification is a diffuse phenomenon 
in CKD and is associated with hyper phosphataemia. There is a 
suggestion that phosphate and other unmeasured metabolites induce 
osteoblast-like activity in vascular smooth muscle. The resultant 
calcification means that vessels lose compliance and elasticity. Hence, 
there is an inability to adapt to changes in blood pressure, particularly 
hypotension. Vascular calcification is associated with adverse 
cardiovascular outcome and so may contribute to sudden cardiac 
death (SCD). In the presence of one or both of autonomic dysfunction 
and rapid fluid shift associated with dialysis, it is clear why vascular 
calcification may cause circulatory collapse.21,22

Cardiac autonomic neuropathy may also contribute to arrhythmia. 
Both diabetes and uraemia are potential causes of autonomic 
neuropathy. Diabetic autonomic neuropathy is in part a vascular 
phenomenon, but at a microvascular level. Hyperglycaemia causes 
neuronal vasoconstriction and oxidative stress which results in 
nerve ischaemia. Diabetic autonomic neuropathy is associated 
with potential electrocardiographic markers of risk of SCD, such 
as heart rate variability. However, these alone are not proven to be 
independent markers of risk.22 Electrolyte abnormalities are common 
in patients with KD.23,24 Jain et al.5 reported that hyperkalemia is 
associated with increases in the all-cause mortality and advanced KD 
is an independent predictor of hyperkalemia. Hyperkalemia decreases 
the resting membrane potential of myocardial cells and thus reduces 
the conduction velocity and shortens the ventricular repolarization. 
These abnormalities can lead to cardiac dysrhythmias and cardiac 
arrests. Hyperkalemia is a reversible cause of cardiac arrest.25 
Several factors render patients with KD susceptible to an imbalance 
of serum potassium, including chronic metabolic conditions such as 
diabetes mellitus, mineral corticoid deficiency, and incoherence of 
dietary restrictions, inadequate dialysis, hemorrhage, infections, and 
medications.26 A slight increase in potassium intake can cause severe 
hyperkalemia in patients with ESRD. Medications that interfere with 
urinary potassium excretion or that cause a decrease in renal function 
may result in hyperkalemia. These medications include β-blockers, 
angiotensin II receptor blockers, potassium-sparing diuretics, and 
nonsteroid anti-inflammatory drugs. Metabolic acidosis is a common 
physiological disturbance during the advanced stages of chronic KD. 
A low serum bicarbonate may hinder the physiological mechanism 
to compensate acidemia. The degree of acidemia approximately 
correlates with the severity of KD. Poor blood perfusion in patients 
with cardiac arrest, even during cardiopulmonary resuscitation, also 
causes tissue acidosis. Acidemia increases the serum potassium 
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concentration by inducing a net shift of potassium from the cellular 
to the extracellular compartment in exchange for hydrogen ions.27,28

Conclusion 
The results of this study on chronic kidney disease patients showed 

that, about half of the patient groups were with hyponatremia and 
hyperkalemia. Calcium levels in patients was lower than control in 
about 40%, and Phosphorus level was higher than normal in 85% 
of patient populations. The results illustrated that more than 50% of 
patients had increase in the alkaline phosphatase enzyme activity. The 
results also showed that most of patients were anemic (80%) and fifty 
percent of patients were diabetic.
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