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Abstract  

Background  

Chronic kidney disease represents (CKD) a major global cause of morbidity and mortality. Its 

prevalence increased with the increased prevalence of hypertension and diabetes mellitus. CKD is 

associated with a wide range of metabolic disturbance including hypocalcemia and 

hyperphosphatemia which are usually associated with high activity of serum alkaline phosphatase 

(ALP). These disturbances requires careful assessment and proper management as they are 

predictors of poor prognosis. Unfortunately, in many instances, the correction of these disturbances 

is relatively difficult. The current study aims to evaluate serum level of calcium, phosphorus and 

ALP in a group of patients with CKD on hemodialysis. 

Materials and methods 

A total number of 160 patients with CKD on regular hemodialysis have been enrolled in the current 

study irrespective to the underlying cause of their CKD. These patients used to attend a 

hemodialysis center in Baghdad on regular basis, usually twice weekly between 13 January 2019 

to 21 February 2019. All participants were assessed for serum calcium, phosphorus and ALP in 

addition to their routine laboratory tests. The results were statistically evaluated using SPSS 

software version 23. 

Results  

The results reflect the relative difficulty in controlling these metabolic disturbances. 

Hyperphosphatemia has been detected in 66% of participants, hypocalcemia in 41%, while 35% 

of participants have shown elevated serum ALP. Furthermore, most participants have more than a 

single disturbance where the combined hypocalcemia and hypophosphatemia represents the major 

form of combined disturbance (35%). 

Conclusion  

 Despite the progression in modalities of treatment of CKD, including hemodialysis, the correction 

of its associated metabolic disturbances remains a challenge especially hyperphosphatemia and to 

a lesser extent hypocalcemia. 
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Introduction  

Chronic kidney disease (CKD) is considered as one of the major causes of morbidity and mortality 

all over the world with increasing prevalence secondary to the universal increase in the prevalence 

and incidence of obesity, hypertension and diabetes(1). It is characterized by significant impairment 

in the normal physiological and metabolic function including anemia, vitamin D deficiency, 

insulin resistance, metabolic acidosis, dyslipidemia, malnutrition, decreased exercise tolerance, 

electrolyte disturbance with many other abnormalities(2). Diagnosis of CKD depends on the 

presence of decreased estimated glomerular filtration rate (eGFR) below 60 mL/min/1.73 m2 or 

one of the markers of renal damage for more than 3 months; these markers include histological 

abnormalities, abnormalities in urine sediment (granular, red cell or white blood cell casts, 

hematuria or the presence of renal tubular epithelial cells), structural abnormalities evident by 

imaging, history of renal transplantation, electrolyte abnormality secondary to tubular disorders or 

albuminuria (urinary albumin / creatinine ratio [ACR] ≥30 mg/g)(3). The burden of CKD on the 

health care system and the patient himself  increases with the development of end-stage renal 

disease (ESRD) and the urgent need for renal replacement therapy making an early diagnosis of 

CKD and preventing its progression into ESRD of great importance. Specifically, hypocalcemia, 

hyperphosphatemia and increased ALP activity are of the most common metabolic derangement 

that accompanies CKD. These findings were observed to be associated with poor cardiovascular 

outcomes and high mortality rate in patients with CKD on regular hemodialysis(4). Hypocalcemia 

during CKD is attributed to two main reasons, the hyperphosphatemia and the impaired activation 

of vitamin D. The elevated serum level of phosphorus is associated with increased precipitation of 

calcium in bone and other tissues while impaired activation of vitamin D is associated with 

decreased absorption of calcium in the intestine(5). Furthermore, in patients with advanced CKD, 

the lower the basal serum calcium concentration the faster the progression of CKD(6). Impaired 

renal excretion of inorganic phosphate is the major cause of hyperphosphatemia in patients with 

CKD despite the various compensatory mechanisms that are activated in response to this 

hyperphosphatemia which in turn lead to renal osteodystrophy, cardiovascular calcification and 

secondary hyperparathyroidism(7). This is why it is highly recommended to restrict dietary 

phosphate and take phosphate binders in patients with CKD(8).  The activity of serum ALP is 

expected to be high in patients with CKD due to the high bone turnover secondary to various 

metabolic dysfunction regarding parathyroid hormone and vitamin D. ALP has been correlated to 

the increased mortality rate and cardiovascular calcification in patients with CKD on dialysis(9). 

The efficacy of various modalities of treatment, including dialysis, for these metabolic 

abnormalities is variable and many studies have emphasized on this subject. The aim of the current 

study is to evaluate the ability of dialysis together with other modalities of treatment in correction 

of hypocalcemia, hyperphosphatemia and elevated ALP activity in patients with CKD on regular 

hemodialysis. 

Materials and methods 

A total number of 160 adult patients were included in the current study, they represented the major 

portion of patients with CKD treated with hemodialysis twice weekly in a specialized hemodialysis 

center in Baghdad over the period between 13 January 2019 to 21 February 2019.  Patients 

excluded from this study were those with acute kidney injury requiring hemodialysis, newly 

diagnosed with end-stage renal disease, pediatric age group and patients with any possible disorder 

of calcium and phosphorus other than CKD.  Patients included in the current study have not been 

categorized according to the primary cause of CKD, or the presence of the expected complication 

of CKD, it has been emphasized on the duration of starting hemodialysis selecting patients with a 



relatively long history of CKD, attending dialysis center on regular basis. All participants were 

checked for their compliance with vitamin D and calcium supplement with phosphate binders. 

In addition to the routine laboratory investigations, serum level of calcium (Ca), phosphorus (PO4) 

and alkaline phosphatase (ALP) were measured for all participants. Other laboratory tests 

including complete blood count, liver function test, lipid profile, electrolytes and other specific 

tests according to patient requirement have been assessed as well. Ca, PO4, and ALP were 

measured using Biolabo auto-analyzer, daily quality control program has been applied and the 

results were evaluated before considering patients' results as dependable. the reference range of 

calcium is 8.4-10.4 mg/dl, the reference range of phosphorus is 2.5-4.5 mg/dl, while the reference 

range of ALP is 30-129 IU/l. The results were statistically evaluated using SPSS software version 

23. 

Results 

A total number of 160 adult patients were involved in the current study, 91 were males while 69 

were females. The mean age of the whole participants was 58 years (SD 12.6). The distribution of 

metabolic disturbance in serum Ca, PO4 
  and ALP was variable. It is well known that the expected 

metabolic changes regarding parameters estimated in the current study are increased ALP activity, 

hypocalcemia and hyperphosphatemia, but the exact distribution of these changes is the real goal.  

Mean ALP activity of the studied patients was 130 IU/l (SD 67.4), the mean serum calcium level 

of the studied patients was 8.0 mg/dl (SD 1.65), while mean serum phosphorus level of the studied 

patients was 5.6 mg/dl (SD 2.1) as shown in table 1. Patients with increased activity of ALP were 

56 patients (35%), patients with hypocalcemia were 66 patients (41%), patients with 

hyperphosphatemia were 106 (66%), as shown in table 2. It was noticed that only 31 patients (19%) 

of the total studied patients had no disturbance regarding ALP, calcium, or phosphorus. At the 

same time, only 27 patients (16%) had disturbances in all the previously mentioned laboratory 

tests. These findings clarify that most patients in the current study had a disturbance in one or two 

of the estimated laboratory tests.  Accordingly, the distribution of a single metabolic disturbance 

was as follows: patients with isolated increased ALP activity were only 6 (4%), patients with 

isolated hypocalcemia were only 4 (2%), while patients with isolated hyperphosphatemia were 27 

(16%), as shown in table 3. Similarly, patients with combined metabolic disturbance were as 

follows: patients with combined high ALP and hypocalcemia were 33 (20%), patients with 

combined high ALP and hyperphosphatemia were 43 (27%), patients with combined 

hypocalcemia and hyperphosphatemia were 55 (34%), as shown in table 4. 

 

Table 1: Mean serum level of calcium, phosphorus and ALP in the studied group. 

Laboratory test Mean SD 

ALP 130 67.4 

Calcium 8.0 1.65 

Phosphorus 5.6 2.1 

 
Table 2: Distribution of metabolic disorders among participants 

 

 
 

 

 

Metabolic disturbance Number of patients Percentage 

Elevated ALP 56 35 

Hypocalcemia 66 41 

Hyperphosphatemia  106 66 



Table 3: Distribution of isolated metabolic disturbance among participants 

Metabolic disturbance Number of patients Percentage 

Isolated high ALP 6 4 

Isolated hypocalcemia 4 2 

Isolated hyperphosphatemia 27 16 

 
Table 4: Distribution of combined metabolic disturbance among participants  

Metabolic disturbance Number of patients Percentage 

Combined high ALP and 

hypocalcemia 

33 20 

Combined high ALP and 

hyperphosphatemia 

43 27 

Combined hypocalcemia and 

hyperphosphatemia 

55 34 

 

 

Discussion  

Metabolic abnormalities in patients with CKD is quite common, and despite the development in 

the modalities of treatment and the increasing availability of renal replacement therapy, these 

abnormalities remain a difficult challenge for physicians and carry a high risk of developing 

morbidity & mortality in such patients. Hypocalcemia is a well-known associated metabolic 

disorder in patients with advanced stages of CKD, even in those whom renal replacement therapy 

is not yet indicated. The prevalence of hypocalcemia was so prominent in the current study where 

41% of the participants had hypocalcemia of variable severity despite their regular supplement of 

both calcium and vitamin D. Many other similar studies have shown variable severity of 

hypocalcemia in patients with CKD on hemodialysis. Ying-Ping sun has observed that 34% of 

studied patients had hypocalcemia and the mean serum calcium level was 8.9 mg/dl which are 

nearly comparable to the results of the current study(10), while a  similar study performed in India 

has shown a much less prevalence of hypocalcemia reaching 15.6%(11). In Nepal, Rajbhandari A 

and his colleagues have shown a significantly higher prevalence reaching 75% of the studied 

patients with stage 5 CKD in predialysis state, where mean serum calcium level was 8.0 mg/dl(12). 

These studies and many others highlight the relative difficulties in controlling hypocalcemia in 

patients with CKD on hemodialysis despite daily supplement of both vitamin D and calcium which 

necessitate more aggressive therapy although infrequent studies have shown a much better result 

with normal mean serum calcium or very low prevalence of hypocalcemia among the studied 

patients(6,13). Another well-known metabolic abnormality associated with CKD is 

Hyperphosphatemia which is thought to be an important cause of the complications of CKD 

including coronary artery disease (CAD). The current study has shown that the mean serum 

phosphorus was 5.6 mg/dl and the prevalence of hyperphosphatemia was 66% of the participants. 

Nearly identical results in the prevalence of hyperphosphatemia have been shown in a similar study 

performed in Egypt(14) while only a slightly higher prevalence (70%) has been shown in the study 

of Okoye JU and his colleagues in Nigeria(15). The difficulty in controlling hyperphosphatemia has 

also been observed by Sun YP in China where 50% of participants had hyperphosphatemia despite 



various modalities of treatment(10). All these findings and many others are indicators for the more 

required attention regarding hyperphosphatemia in patients with CKD especially with the more 

evidence about the role of hyperphosphatemia in increased morbidity and mortality in such 

patients. Elevated activity ALP is an expected finding in many medical conditions of hepatic or 

bony source, although it might be elevated in physiological conditions as well as in children & 

during pregnancy. The current study has shown that the mean activity of ALP was 130 IU/L and 

the prevalence of high ALP activity was 35% of the participants. These results were comparable 

to results obtained by other similar studies performed in the USA (32.8%) and Italy (32.9%)(16) 

although much less prevalence of elevated ALP in patients with stage 5 CKD  has been shown in 

other similar studies as in a study in South Korea where the prevalence was 10.4%(17) while it was 

18.7%  in a similar study in Taiwan(18). It is obvious that the severity and prevalence of 

hypocalcemia, hyperphosphatemia and elevated ALP are highly variable among studies, even in 

the same country. This can be explained by many factors including the availability of treatment 

including hemodialysis, compliance of the patient with both to diet and drug therapy.  

Conclusion 

The prevalence of hypocalcemia & hyperphosphatemia and elevated ALP activity is relatively 

high among patient with CKD on stage 5. These metabolic disorders seem to be difficult to be 

corrected even with proper follow-up and treatment. Hyperphosphatemia represents the most 

prevalent and most difficult disorder to be treated compared to hypocalcemia & elevated ALP 

activity and it requires more attention.   
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