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Abstract
The bone and mineral disorders related to chronic kidney disease (BM-CKD) are common among chronic hemodialysis patients with increased 

overall mortality due to secondary hyperparathyroidism and vascular calcifications.

Patients and method: This is a retrospective, descriptive and analytical multicenter study made in the hemodialysis unit of the Aristide Le Dantec 
hospital in Dakar and 2 private hemodialysis units concerned with 135 patients. The objective of the study was to determine the epidemiological, 
clinical and laboratory phosphocalcic disorders of chronic hemodialysis patients in Dakar. Then these data were compared with the latest targets 
KDIGO 2009 to make recommendations for good practice against doctors.

Results: The average age was 50 years with a sex ratio of 1.04. Average time in hemodialysis patients was 47 months. The dialysis medium 
frequency per week was 2.86 per week. The average duration of dialysis was 4.1 hours. All centers used dialysate bath at 1.5 mmol/l calcium.

The main causal nephropathy was represented by the common nephroangiosclerosis (51.1%), nephropathy indeterminate (14.8%) and 
chronic glomerulonephritis (10.4%).

The overall prevalence of calcium phosphate disorders was 23% for hypocalcemia, hyperphosphatemia for 30.8%, 42.6% for hyperparathyroidism, 
16.3% for the decline in reserves of native vitamin D and 8.1% for high total alkaline phosphatase (TAP). The average frequency of dosing of 
these different parameters calcium phosphate was 4.1 months for serum calcium and phosphate, 11.4 months for PTH, 19.7 months for the 
25OH Vitamin D and 46.2 months for Total alkaline phosphatase. Regarding the percentage of patients who were in the KDIGO standards, there 
was 63.7% for serum calcium; 60.9% for phosphate; 44.7% for iPTH; 21.5% for the 25OH Vitamin D and 9.6% for total alkaline phosphatase. 
Phosphate binders were prescribed in 28.1% of cases for the calcium carbonate and in 11.9% of cases for sevelamer. Oral vitamin D was 
prescribed in 15.6% of cases, calcitriol in 17% of cases and cinacalcet in 7.4% of cases. Parathyroidectomy was performed in 4.4% of cases.

Control status phosphocalcic of chronic hemodialysis is a hot topic. Its complications are responsible for a global and cardiovascular morbidity 
and mortality. Preventing BM-CKD requires good control of hyperphosphatemia and secondary hyperparathyroidism.
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Abbreviations: BM-CKD: Bone and Mineral disorders related to 
Chronic Kidney Disease; KDIGO: Kidney Disease Improving Global 
Outcomes; CRF: Chronic Renal Failure; CKD: Chronic Kidney Disease; 
iPTH: intact Para Thyroid Hormone

Introduction
The bone and mineral disorders related to Chronic Kidney 

Disease (BM-CKD) is a major complication of Chronic Renal Failure 
(CRF).  They are defined according to the recommendations KDIGO 
2009 (Kidney Disease Improving Global Outcomes) as disturbances 
of mineral metabolism and their effects on the skeleton (bone fragility 
by osteopenia) and soft tissue (joint metastatic calcification, vascular, 
pulmonary and cardiac. These disorders are characterized by changes in 
the homeostasis of phosphate and calcium and its regulatory elements, 
mainly in iPTH and 1, 25 OH vitamin D; profound changes in bone and / 
or bone remodeling structure and the occurrence of vascular calcification 
[1]. The BM-CKD is directly correlated to the degree of chronic kidney 
disease. Prevalence of CRF in Australia, Europe and Japan is between 
6 and 16% [2]. In Africa, the CKD is responsible for 4-22% of deaths 
[3]. In Senegal, the hospital incidence is estimated at 87 new cases per 

year [4]. Overall mortality in hemodialysis patients with BM-CKD is 
increased due to secondary hyperparathyroidism [5]. Patients with CKD 
are at high risk of cardiovascular disease with cardiovascular death rate 
10 to 20 times higher in dialysis patients than in the general population 
[6]. This prevalence is largely due to hyperphosphatemia and its bone 
consequences and vascular calcifications including coronary and valvular 
whose risk is five times higher [7]. Phospho-calcium disorders remain a 
major concern for nephrologists due to their impact on the prognosis of 
patients with a particularly high morbidity and mortality in hemodialysis 
patients [8]. Previous studies have shown that serum levels of calcium, 
phosphorus and parathyroid hormone (iPTH) were only controlled in 
some hemodialysis patients [8].

Comparable work in our study was conducted in Europe Laradi et 
al. [9], and Martinique by Gbaguidi et al. [10]. In Africa, there were few 
studies conducted. However, Benabdellah et al. had made similar work 
to ours, assessing the phosphate profile of 66 hemodialysis patients in 
Oujda (Morocco). In Senegal, no study has been done on this subject. 
That is why we conducted this study to study the profile phosphate 
chronic hemodialysis, we conducted this study in Senegal. The objective 
was to determine the phosphate status, the prevalence of secondary 
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hyperparathyroidism, assess the prescribed treatment and compare the 
latest KDIGO recommendations [11,12].

Patients and Methods
This was a retrospective, descriptive and analytical study including 

records of all chronic hemodialysis for at least 6 months from 1 January 
1999 to 01 January 2014, carried out in three hemodialysis centers of 
Dakar. The parameters studied were epidemiological, clinical, biological, 
morphological and therapeutic.  These parameters were then compared 
with the recommendations KDIGO 2009. Categorical variables 
were represented by gender, occupation, bone pain and pathological 
fractures. Quantitative variables were represented by age, years on dialysis, 
the number of hours per dialysis session, the number of dialysis sessions 
per week, the PUR (percentage of urea reduction), Kt / V, biochemical 
tests: hemoglobin, CRP, phosphate, calcium, iPTH, 25OH vitamin D, total 
alkaline phosphatase and albumin. The collected data were entered and 
analyzed using SPSS 18 software.

Results
The total number of patients included in the study was 135. The average 

age was 50.24 +/- 14.59 years with extremes of 19 and 93 years. The sex 
ratio was1.04 (Figures 1-5) and (Tables 1 and 2).

Discussion
Our study revealed that 17.78% of patients had their three main 

phosphocalcic parameters (serum calcium, phosphate and iPTH) in target 
values   KDIGO. Benabdellah et al. Morocco, Gbaguidi et al. Martinique 
[10] and Laradi A et al. [9], France also found a prevalence of around 
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Figure 1: Distribution of patients by age.
The main causal nephropathy was represented by nephroangiosclerosis 
(51.1%) and chronic glomerulonephritis (10.4%).
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Figure 2: Distribution of initial nephropathy
The main occupations were senior managers with 8.9% (n=12), 
professional occupations with 5.2% (n=7) and students accounted for 
3% (n=4). There were 14.8% (n=20) of the unemployed and 68.1% 
(n=92) of unspecified jobs.
The average duration of hemodialysis patients was 47.3 +/- 28 
months. Dialysis average frequency per week was 2.86 per week. The 
average duration of dialysis was 4.1 hours. All centers used dialysate 
bath to 1.5 mmol/ l of calcium.
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Figure 3: Distribution of patients by bone pain
The overall prevalence of calcium phosphate disorders was 23% 
for hypocalcemia, hyperphosphatemia for 30.8%, 42.6% for 
hyperparathyroidism, 16.3% for the decline in reserves of native vitamin 
D and 8.1% for high total alkaline phosphatase. The average frequency 
of dosing these settings calcium phosphate was 4.1 months for serum 
calcium and phosphate; 11.4 months for iPTH; 19.7 months for the 
25OH Vitamin D and 46.2 months for total alkaline phosphatase.
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Figure 4: Average frequency for the realization of calcium and phosphate 
levels
Regarding the percentage of patients who were in the KDIGO standards, 
there was 63.7% for serum calcium; 60.9% for phosphate; 44.7% for 
iPTH; 21.5% 25OH Vitamin D and 9.6% for total alkaline phosphatase.
Morphologically, 14.1% of patients had bone demineralization on plain 
radiographs of the skeleton. A cardiac ultrasound, 15 patients (11.1%) 
had vascular calcifications. Among them, 1/3 had a calcification of the 
aortic cusps, 1/3 and 1/3 mitral calcification of the abdominal aorta.
Therapeutically, there were 45 patients or 33.3% who received no 
medical treatment and 90 patients or 72.7% who were taking at least one 
treatment. Phosphate binders were prescribed in 28.1% of cases for the 
calcium carbonate with an average dose of 2.7 g per day and in 11.9% of 
cases for sevelamer with a mean dose of 1850 mg per day. Oral vitamin 
D was prescribed in 15.6% of cases, calcitriol in 17% of cases the dose 
and cinacalcet in 7.4% of cases with average doses were respectively 
104 914 IU per liter, 2.17 µg per week and 45 mg per week.
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10% of patients reached values targets for 3 phosphocalcic parameters 
according to the latest KDIGO recommendations. The average age of our 
patients was 50.24 +/- 14.594 years, approaching that of Morocco with 
49.8 years. The study population was young; with the most represented age 
group is the 40 to 59 years. We observed a statistically significant correlation 
between age and vascular calcifications.  These data are comparable to the 
study of Goodman WG et al, who had scored the same result [13].

Vascular nephropathy was the most represented (51.1%), followed by 
the kidney indeterminate causes (14.8%). In Martinique and Morocco, the 
results were similar, suggesting that vascular nephropathy is the leading 
cause of dialysis setting. This could be explained by the high prevalence 
of hypertension (55-85%) [14], poor monitoring of patients and high salt 
intake in our country. Clinically and mixed inflammatory bone pain were 
noted in more than a quarter of patients. The probable causes are related 
to osteopathy and mineral bone disorder, defect making native vitamin D 
and inflammatory status of patients with 22.2% of patients had an elevated 
CRP. In multivariate analysis, there was a significant association between 
bone pain, pathological fractures, and blood levels of vitamin D.

Eight patients (5.9%) had a pathological fracture like the Moroccan 
study and French. In bivariate analysis, we found a significant association 
between bone pain, calcium phosphate binders (p=0.026) and pathological 
fractures (p< 0.000). By against, Meunier et al. [15] in their study on the 
clinical validation of dietary measures to prevent calcium phosphate 

disorders did not find any significant association between fracture 
prevention, secondary hyperparathyroidism and osteomalacia patients 
with renal impairment.

Mean serum calcium was 93 +/- 12 mg/l with extremes of 69 and 
108 mg/l with 63.7% of patients who had a serum calcium in KDIGO 
standards.  These results corroborate the literature.  Indeed, Gbaguidi et 
al. Martinique [10] with 62.7%, Laradi et al. France [9] with 63.6% had 
noticed the same results. In multivariate analysis, we noted a significant 
correlation between pathological fractures (p=0.041) and hypocalcaemia.

The mean serum phosphate was 39.3 +/- 12.46 mg/l with extremes 
of 11 and 85 mg/l with 60.9% of patients who had a serum phosphate 
in KDIGO standards, consistent with the literature data African 
[11,12,16].  There were 30.8% of patients who had hyperphosphatemia 
and 8.3% hypophosphatemia. Hypophosphatemia could be explained by 
malnutrition (14.1% had hypoalbuminemia) and the inflammatory state 
(22.2% had elevated CRP) of our patients.  Hypophosphatemia is a risk 
of death at 12 months related to malnutrition according to recent French 
data (photograph) [12,17]. We did not find any significant correlation in 
bivariate analysis between hyperphosphatemia and vascular calcification 
of our patients. But London et al. [18] in a work done in 2003, showed 
the opposite.  The average frequency of realization of serum calcium 
and phosphate was 4.1 months.  It was slightly above the recommended 
standards (1- 3 months) [11]. An effort to reduce hyperphosphatemia 

Settings Average Extremes Percentage of Patients Normal value
Frequency of sessions per week 2.87 1-4 100% 3
Session duration (time) 4,137 4-5 100% 4
Kt / v 1.9 0.57 to 4.28 9.6% > 1.2
PUR (%) 79 66-94 5.18% > 65%

Table 1: Parameters of dialysis patients in our study
Thirty-four (25.2%) patients had bone pain. The mean duration of these pain was 29.45 +/- 21.5 months (range 6 to 96 months). They were essentially 
inflammatory drugs (9.6%).
Pathological fracture was reported in eight patients (5.9%).

Drugs Oral calcium
(g/day)

Phosphate chelator
Alpha calcitriol

(µg/week)
25OH vitamin D

(IU / month)
Cinacalcet
(µg/ week)Calcium

g per day
Sevelamer
(mg / day)

Average dose 2.49 2.7 1850 2.17 104914 45
Extremes 0.2 to 4.6 1.4 to 4.6 800 - 2400 0.5 to 4 400-400000 30-120
Percentage of patients (%) 28.9 28.1 11.9 17 15.6 7.4

Table 2: Average dose of calcium and phosphate metabolism drugs
Parathyroidectomy was performed in 4.4% of cases.

KDIGO (2009) Our study Gbaguidi in
Martinique [10]

Benabdellah
in Morocco [16]

Serum calcium levels (mg / l)
Frequency (months):
Compliance KDIGO:

88-104
1 - 3 months

93 88 82
4.1

63.7%
Not done

62.7%
Not done

71.2%
Phosphate (mg / l)
Frequency:
Compliance KDIGO:

From 23 to 46 mg / L
1 - 3 months

39 44 36
4.1

60.9%
Not done

57.3%
Not done

61%
PTH (pg / ml)
Frequency (months):
Compliance KDIGO:

150-500
3 - 6 months

514 592.5 508
11.4

21.3%
Not done

60.8%
Not done

43.1%
25 OH D (ng / ml)
Frequency:
Compliance KDIGO:

30
1 time / 12 months

31 Not done 87.8
19.7

22.5%
Not done

35.7%
Not done
Not done

Total alkaline phosphatase(IU / l)
Frequency:
Compliance KDIGO:

40-130
1 time / 12 months

186 Not done 321.4

46.2
17.8%

Not done
Not done

Not done
Not done

Table 3: Comparison KDIGO data and other studies
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remains. We suggest using poor dialysate calcium and increasing the dose 
of calcium carbonate (8 to 12 g per day) or increase the prescription of 
sevelamer [19]. The mean iPTH was 514.8 +/- 409.88 pg/ml with a range 
of 57 to 2094 pg/ml.  44.7% of patients were within the recommended 
normal range it was noted that. Our data are well below the other results 
of world literature, particularly in France [9] with 68.2%; in Martinique 
[10] with 60.8% and Morocco [13] with 43.1%.  However, 42.6% of our 
patients had hyperparathyroidism. There was no significant correlation in 
multivariate analysis between PTH and otherphosphocalcic anomalies as 
demonstrated by Coen et al. [20].

The average frequency of realization of PTH was 11.4 months.  This 
amounted to almost double the KDIGO targets (3-6 months) [12].

It was noted that 21.5% of patients had normal dosage of vitamin D 
against 16.35% native that had low reserves. Fortunately, this rate is better 
compared to that obtained by Laradi in France [9] which was 70% lower 
reserves. But, it was lower than the result of Elouazzani in Morocco which 
noted an average rate of 61 ng/l. Our results could be explained by the cost 
of vitamin D dosage but also by its low prescribing by nephrologists. The 
average frequency of realization of vitamin D was 19.7 months or more 
than 1.5 times the recommended standards (once a year) [11,12]. Failure 
of vitamin D is related to hyperparathyroidism, independently of calcitriol 
[21], to a defect in bone mineralization, to a greater incidence of epithelial 
cancers, muscle weakness, infections and anomalies immunity [22]. 
Vitamin D has three types of effects on the vascular system: inflammatory, 
reducing myocardial hypertrophy, inhibition of the renin angiotensin 
system [23]. In addition, patients with vitamin D deficiency have a higher 
mortality rate [24]. Thus treatment with a form of “inactive” of vitamin 
D, calcidiol or 25 (OH) D is a new approach for patients with CKD [25]. 
In multivariate analysis, there was a significant association between 
bone pain, vitamin D native (p=0.045) and pathological fractures (p= 
0.007). Several studies have reported improved survival in hemodialysis 
patients receiving active vitamin D [26].

Few studies have been conducted to date in the field of phosphate 
profile for PAL.  In our study, 9.6% of patients had levels in the 
standards recommended by the KDIGO against 8.1% who were at high 
rates.  This could be explained by the high bone turnover of secondary 
hyperparathyroidism of patients (40.2%).  These results were difficult 
to interpret because only 17.8% of patients have benefited from this 
review.  Its average completion rate was 46.2 months, i.e. more than 3.5 
times the recommended duration by KDIGO [11,12].

In our series, 15 patients whether 11.1% had valvular calcifications. These 
results were comparable to those of Benabdellah et al. Morocco [16] 
were 6 patients with valvular calcification or 9% of cases. These vascular 

calcifications could be explained by the average length of time in 
hemodialysis which was 4 years, and that more than a third of patients had 
hyperphosphatemia.  Lindner et al. noted in their study, morbidity and 
very high mortality from cardiovascular complications of atherosclerosis 
[27]. In multivariate analysis a significant correlation between advanced 
age, years on dialysis and high average dose of ingested calcium carbonate 
as phosphate binder. But, there was no significant association between 
vascular calcification and other parameters phosphocalcic, as written by 
J. Hamburger et al. in their study [28]. By against, several studies have 
shown that there was a relationship between phosphate and vascular 
calcification [1] (Table 3).

Conclusion
The BM-CKD are common among chronic hemodialysis 

patients.  Overall mortality in hemodialysis patients with BM-CKD is 
increased due to secondary hyperparathyroidism.  Vascular calcification 
risk is five times higher, and contributes to increased cardiovascular 
mortality.  Few studies have been conducted in Africa in this regard, 
particularly in Senegal where hyperparathyroidism represents 42.6% 
of cases.  Prevention and improvement of these disorders requires a 
compliance with the recommendations KDIGO 2009 on BM-CKD.
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Figure 5: Proportion of patients under medication phosphate metabolism
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