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ABSTRACT

Background: Mineral bone disease in chronic kidney disease patients is associated with high
morbidity and mortality, and it has been reported to start early in the course of the disease and
worsen as the kidney damage progresses. However, the prevalence and factors associated with
mineral bone disease in chronic kidney disease patients in our setting has not been established, so
we aimed to determine the prevalence and factors associated with mineral bone disease among
patients with chronic kidney disease at a tertiary Muhimbili National Hospital in Dar es salaam,
Tanzania so as to help physicians recognize the patients at risk, diagnose the problem and prevent
complications sooner.

Methods: This was a hospital based cross-sectional study involving adult patients with chronic
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kidney disease attending renal unit Muhimbili National Hospital, a tertiary referral center in Dar es
Salaam, Tanzania. In this study, CKD-MBD was defined basing on the abnormality of serum
calcium, phosphate or parathyroid hormone level. Data analysis was done using the SPSS version
23.0 software.

Results: A total of 300 participants with chronic kidney disease stage 3 and above were included in
this study. Majority were male, 198 (66.0%), with a mean age of 53 years. The prevalence of mineral
bone disease was found to be 75.0%. The most common form of mineral bone disease was
hyperparathyroidism 196 (87.1%), followed by hypocalcemia 174 (77.3%) and hyperphosphatemia
82 (36.4%), which was the least common.

Factors which were found to be significantly associated with CKD-MBD were the use of calcium
supplements, use of phosphate binders, being on dialysis, a calcium rich diet and a low phosphate
diet.

Conclusion: Mineral bone diseases are common in patients with CKD at Muhimbili National
Hospital. Patients with CKD should undergo serial assessment of phosphate, calcium and
parathyroid hormone level, considered together, so as to diagnose mineral bone disease early and
treat those patients who will be found to have persistently or prolonged abnormalities in these bone
mineral biomarkers.

Keywords: Mineral bone disease; chronic kidney disease; hyperparathyroidism; hypocalcemia,

hyperphosphatemia.

ABBREVIATION an attempt to normalize ionized calcium and
serum phosphate levels, PTH increases
CKD : Chronic Kidney Disease reabsorption of calcium in the distal tubules and
CKD-MBD : Chronic Kidney Disease- Mineral ~ decreases phosphate reabsorption in the
Bone Disease proximal tubules of the kidney and also increases
eGFR -Estimated-Glomerular Filtration  calcium mobilization from bones in early stages
Rate of CKD (Tradeoff hypothesis) [3]. Eventually
KDIGO : Kidney  Disease  Improving estimated glomerular filtration rate (eGFR) gets
Global Outcome so low that even high levels of PTH cannot
MBD - Mineral Bone Disease increase phosphate excretion and normalize
MDRD - Modification of Diet in Renal ¢calcium level leading to hyperphosphatemia and
Disease hypocalcemia, respectively, causing further

MNH : Muhimbili National Hospital elevation of PTH level.
PTH : Parathyroid hormone . : ~
OR - Odds Ratio Several factors have been associated with CKD

MBD, including; age, sex, type and duration of
dialysis, use of phosphate binders, use of
1. INTRODUCTION calcimimetics and vitamin D analog,
parathyroidectomy, history of diabetes and
Chronic kidney disease (CKD) is associated with  hypertension, duration of kidney failure and
mineral bone disease which starts early in the differences in dietary habits [4-8]. Countries in
course of the disease and worsens as the kidney  sub-Saharan Africa including Tanzania have
damage progress [1]. Globally, chronic kidney documented growing burden of CKD but there is
disease- mineral bone disorder (CKD-MBD) limited information on CKD-MBD among these
among patients with end stage renal disease patients. This study was aimed at determining
ranges from 33% to 67%, and its severity tends  the prevalence of CKD-MBD and its risk factors
to increase with the progression of the kidney among CKD patients at Muhimbili National
damage, and is associated with high mortality Hospital in Dar es Salaam, Tanzania so as to
rates [2]. help physicians recognize the patients at risk,
diagnose the problem and prevent complications
As the kidney functions decline, there is a sooner. In this study, CKD-MBD was defined
decrease in phosphate elimination, leading to  basing on the abnormality of serum calcium,
hyperphosphatemia and a hypocalcemia. Both phosphate or parathyroid hormone level
hypocalcemia and hyperphosphatemia stimulate  [9].
the secretion of parathyroid hormone (PTH). In
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2. MATERIALS AND METHODS
2.1 Study Design and Setting

This was a hospital based cross sectional study
conducted among CKD adult patients attending
nephrology outpatient clinic at MNH from May to
December 2019. MNH is the largest referral
hospital in Tanzania, with bed capacity of 1500, it
also serve as teaching hospital of Muhimbili
University of Health and Allied Sciences
(MUHAS). MNH receives referral patients from
both public and private hospitals from all over the
country. The renal clinic at MNH operates once a
week (on Wednesdays) receiving an average of
40 patients per clinic day.

2.2 Study Population and Sample Size

All adult CKD patients aged 18 years and above
attending renal clinic at MNH were eligible.
Sample size for this study was calculated based
on prevalence of CKD-MBD which is obtained
from the study done by Mugera at Kenyatta
National Hospital (2013), where prevalence was
found to be 22.4% [10]. Leslie Kish formula was
used to determine the sample size of the study
participants where a minimum sample size of
300 participants was obtained.

2.3 Sampling Method

Participants were identified using a systematic
sampling technique, where the list of patients
was obtained from the appointment book,
creating a sampling frame. Sampling interval was
obtained to be 3. The first person was randomly
selected from the sampling frame between 1 to 3
and then every third patient was selected and
screened for the inclusion and exclusion criteria
to identify eligible individuals to be enrolled in the
study and was included only once.

2.4 Data Collection Methods

Data was collected using an interviewer
administered structured Clinical Research Form
(CRF). Principal investigator and research
assistants conducted face-to-face interviews and
physical examination. Data collected included
socio-demographic data, clinical history, duration
and type of CKD treatment (conservative,
dialysis or concomitant medications), duration of
dialysis and type of diet. Results of laboratory
tests including serum creatinine, blood urea
nitrogen, calcium, phosphate, parathyroid
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hormone and albumin level were also recorded
into the CRF.

The following values and units were used as the
cut-offs values for measuring calcium, phosphate
and parathyroid hormone levels:

a. Serum calcium 2.2-2.6 mmol/|

b. Serum phosphate 0.8-1.6 mmol/l

c. Serum intact PTH 15-65 pg/ml for CKD
stage 3-5 not on dialysis

d. Serum intact PTH 130-585 pg/ml for CKD

stage 5 on dialysis (2-9 times the upper
limit of normal for the assay) [9].

2.5 Laboratory Testing

About 5ml of blood was drawn from the cubital
vein into sterile plain vacutainer tubes for serum
creatinine, blood urea nitrogen, calcium,
phosphate, parathyroid hormone and albumin
level. The blood samples were immediately
processed and if there was a delay, they were
then stored at -20 degree Celsius until the time of
processing. The measurements of serum
creatinine, blood wurea nitrogen, calcium,
phosphate and albumin were determined using
an automatic chemistry analyzer Biotecnica 3500
(BT3500) while serum intact parathyroid
hormone levels were determined using electro-
chemiluminescence immunoassay Maglumi800at
MNH laboratory. The results were analyzed after
daily calibration using standard calibration
methods and materials and tests assayed
against controls.

Total serum calcium was corrected for serum
albumin using the equation:

Corrected serum calcium= measured serum
calcium + 0.02 (40- Serum Albumin) [10].
The Glomerular Filtration Rate (GFR) was
estimated using the Modification of Diet in Renal
Disease (MDRD) formula as follows [11]:

eGFR= 186 x (Serum Creatinine/88.4)""** x
(Age)®?® x [1.212 if Black] x [0.742 if Female].

2.6 Data Management and Analysis

Data was entered into the Statistical Package for
Social Sciences (SPSS version 23.0) for
analysis. The prevalence of CKD-MBD was
determined by taking the proportion of enrolled
patients who have abnormalities of serum
markers (calcium, phosphate or parathyroid
hormone levels). Categorical variables were
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summarized as frequencies and percentages,
and continuous variables as means and standard
deviation. Categorical and continuous variables
were compared with the chi-square and t-test,
respectively. The association between the
categorical independent variables and CKD-MBD
was determined using univariate logistic
regression. To control for confounding those
factors with p < 0.2 were subjected to a
multivariate logistic regression. P-value of <0.05
was considered statistically significant.

3. RESULTS
3.1 Socio-Demographic and  Clinical
Characteristics of the Study

Participants

A total of 300 participants with CKD stage 3-5
were recruited into this study. Majority were
male, 198 (66%), with a mean age of 53.7£12.0
years. More than half were over 55 years. Atleast
half of the patients 151 (50.3%) had been
informed of their renal disease less than 2 years
prior to this study. Majority of participants 284

(94.7%) were in CKD stages (4, 5 and 5D) and
129 (43.0%) were on maintenance hemodialysis.
Most participants had hypertension 285 (95%).
Diabetes and hypercholesterolemia were noted
in 77 (25.7%) and 16 (5.3%) participants
respectively (Table 1).

3.2 The Prevalence of CKD-MBD

The prevalence of CKD-MBD among all
participants was found to be 75% and majority of
patients on maintenance hemodialysis (CKD
stage 5D) and CKD stage 3A had CKD-MBD

(Fig. 1).

3.3 Types of MBD among Patients with
CKD-MBD

CKD-MBD was defined based on an abnormality
of calcium, phosphate or parathyroid hormone
level. The most common MBD was
hyperparathyroidism, found in 196 (87.1%) of all
patients with MBD, followed by hypocalcemia
174 (77.3%) and hyperphosphatemia 82
(36.4%), which was the least common (Fig. 2).

W MBD Mo B MBD_Yes

CKD_Stage

Fig. 1. Distribution of participants by CKD-MBD

100

77.3%

Percentage
-1

Hypocalcemia

Hyperphosphatemia

87.1%

36.4%

Hyperparathroidism

Fig. 2. Types of MBD among patients with CKD-MBD
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Table 1. Socio-demographic and clinical characteristics of the study participants, N=300

Variable Frequency (N) Percentage (%)
Age group

18-35 32 10.7
36-55 101 33.7
Above 55 167 55
Mean age 53.7£12.0

Gender

Male 198 66.0
Female 102 34.0
Marital status

Single 50 16.7
Living with a partner 250 83.3
Education level

Non-formal education 13 4.3
Formal education 287 95.7
Occupation

Unemployed 45 15.0
Employed 255 85.0
Duration of CKD (Years)

<2 151 50.3
2 149 49.7
CKD stage

Early (3A,3B) 16 5.3
Late (4,5,5D) 284 94.7
eGFR mean 10.96 + 9.18

RRT

Hemodialysis 129 43.0%
Comorbidities

Hypertension 285 95.0
Diabetes 77 257
Hypercholesterolemia 16 5.3
Family history- Hypertension 65 21.7
Family history- Diabetes 27 9.0
Family history- Hypercholesterolemia 9 3.0
Medication history

Calcium supplements 106 35.3
Phosphate binders 90 30.0
Dietary history

Calcium rich diet 165 55.0%
Low phosphate diet 149 49.7%

3.4 Proportion of Patients with CKD-MBD
using Calcium Supplements,
Phosphate Binders, Calcium Rich Diet
and Low Phosphate Diet

Among the patients with CKD-MBD, 67 (29.8%)
were taking calcium supplements, 51 (22.7%)
were taking phosphate binders, 90 (40.0%) were
on a calcium rich diet and 75 (33.7%) were on
low phosphate diet (Fig. 3).
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3.5 Factors Associated with CKD-MBD

In a univariate analysis, age >50years, use of
calcium supplements and/or phosphate binders,
being on dialysis, duration of CKD >2years and
use of calcium rich diet and/or low phosphate
diet were associated with CKD-MBD.
Participants aged above fifty years had three fold
high risk of developing CKD-MBD as compared
to their younger counterparts [OR 3.32, (95% C.I
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1.61-6.82), p=0.001]; participants who were on the fact that a large proportion (90.7%) of our
calcium supplements were two times more likely  study population was CKD stage 5 and only a
to have CKD-MBD [OR 2.56, (95% C.I 1.50- small proportion of our study participants were on
4.37), p=0.001]; participants who were on measures to prevent CKD-MBD such as the use
phosphate binders were three times more likely of calcium supplements and/or phosphate
to have CKD-MBD [3.70, (95% C.l 2.13-6.41), binders and the minority were on calcium rich
p=<0.001]; participants who were on diet and/or low phosphate diet.

hemodialysis had more than sixty fold high risk of

developing CKD-MBD [OR 61.78, (95% C.I  Several studies on the association between bone
12.60-302.91), p=<0.001] and participants who  mineral disorder and renal outcomes have also
had a duration of CKD for more than two years found secondary hyperparathyroidism to be the
had two fold high risk of developing CKD-MBD  most common form of mineral bone disease
[OR 2.11, (95% C.I 1.22-3.61), p=0.007]. among patients with CKD [1,13-19]. This is
because as the kidney function declines, there is
a decrease in phosphate elimination,
hyperphosphatemia and a hypocalcemia, all of
which stimulate the secretion of parathyroid
4. DISCUSSION hormone in an attempt to normalize ionized

calcium and serum phosphate levels [3].

In a multivariate analysis, all of these
associations remained significant, although the
odds ratios were smaller (Table 3).

In this study, we found the prevalence of CKD-

MBD to be 75% and the most common form of  yse of calcium supplements, phosphate binders,
MBD was hyperparathyroidism  (87.10%), calcium rich diet and low phosphate diet were
followed by hypocalcemia (77.3%) and significantly associated with CKD-MBD mainly
hyperphosphatemia (36.4%). The prevalence of pecause patients with CKD-MBD had a declined
CKD-MBD found in our study was quite kidney function, which lead them to have very
comparable with the prevalence found in patients  |ow calcium levels and being unable to excrete
with end-stage renal disease at Jordan University  phosphate from their body which necessitated
Hospital, which showed a prevalence of 70% them to be placed on calcium supplements and
[12]. However, it was higher than the estimated  phosphate binders respectively. Although a study
prevalence of CKD-MBD seen in studies done in  done by York Pei et al on the risk factors for
Nigeria, Israel, Czech Republic and Kenya renal osteodystrophy had found infrequent use of
whereby they reported prevalence of 58%, calcium and phosphate binders, were associated
33.3%, 57% and 22.4% respectively [13-16]. with mineral bone disease, which is not the case
in this study because being on these measures

The possible explanations of the high burden of was a marker of having CKD-MBD [4].

CKD-MBD found in our study population could be

4% 45
40
35 208
30
25
20
15
10 B Percentage (%)
5
0
Calcium Fhusphate Calcium rich Low
supplements  bindars diet phosphate
diat

Fig. 3. Proportion of patients with CKD-MBD using calcium supplements, phosphate binders,
calcium rich diet and low phosphate diet
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Table 2. The values of the serum levels of calcium, phosphorus and PTH of the study

participants

SIN Serum Calcium Serum Phosphate Serum Parathyroid
1 1.6 0.9 610
2 1.6 1.1 715
3 1.6 1.8 625
4 1.4 0.8 770
5 1.3 0.7 852
6 1.6 1.3 315
7 2.0 3.8 107
8 1.8 1.6 769
9 1.6 29 617
10 2.1 4.8 70
11 2.2 1.3 330
12 1.5 1.6 667
13 2.6 2.1 230
14 2.1 1.3 270
15 2.0 1.2 300
16 2.0 14 705
17 2.1 1.4 272
18 2.1 1.4 375
19 2.2 2.8 35
20 1.9 3.3 640
21 1.7 1.6 268
22 2.1 0.8 72
23 1.8 1.5 783
24 1.7 0.9 669
25 1.5 0.8 670
26 2.1 1.0 372
27 1.9 0.7 740
28 1.9 2.0 642
29 2.0 0.3 702
30 2.1 1.2 72
31 1.6 2.0 610
32 1.7 2.1 867
33 1.6 22 612
34 23 29 367
35 1.9 2.0 839
36 1.2 1.4 592
37 1.5 0.4 769
38 1.8 0.8 780
39 1.6 1.2 809
40 1.8 0.5 782
41 1.5 0.8 670
42 1.7 0.7 869
43 2.1 2.0 602
44 1.5 0.7 772
45 1.5 2.0 769
46 1.5 0.7 873
47 1.2 1.0 592
48 1.6 0.5 613
49 1.2 0.6 590
50 1.3 0.9 725
51 1.6 1.5 713
52 1.4 1.6 669
53 2.1 1.3 272
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erum Calcium Serum Phosphate Serum Parathyroid

1.0 770
0.8 869
27 767
2.6 620
2.9 225
1.0 72
0.8 372
1.1 76
1.9 99
1.0 23
2.1 139
0.9 769
0.4 750
0.8 72
0.8 312
3.5 770
1.0 73
0.8 22
0.6 639
199
24
25
30
98
24
138
26
66
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SIN Serum Calcium Serum Phosphate Serum Parathyroid
110 0.7 0.6 650
111 2.6 1.1 618
112 2.1 1.2 767
113 1.9 1.2 641
114 2.3 1.0 624
115 2.6 0.4 715
116 25 2.2 833
117 1.5 1.8 735
118 1.1 1.8 615
119 22 1.5 638
120 1.9 1.8 941
121 2.3 0.8 727
122 1.8 1.1 879
123 2.6 1.3 618
124 2.1 1.6 667
125 22 29 728
126 2.0 1.0 598
127 2.0 1.3 101
128 2.8 3.9 32
129 24 1.4 19
130 26 1.2 37
131 24 1.4 38
132 2.2 0.4 597
133 0.5 1.3 695
134 1.5 1.1 667
135 25 1.8 732
136 2.0 1.0 996
137 1.8 0.8 177
138 8.6 2.6 67
139 25 1.5 38
140 2.3 1.8 28
141 0.5 3.8 695
142 2.6 0.3 718
143 1.7 0.9 269
144 25 1.2 732
145 25 1.3 35
146 23 2.1 638
147 2.1 1.5 76
148 1.5 2.2 370
149 2.2 1.1 23
150 2.1 1.1 67
151 2.1 1.1 669
152 1.9 1.5 139
153 22 1.1 25
154 2.1 1.4 769
155 2.2 1.1 27
156 22 1.5 28
157 2.2 1.1 29
158 2.1 0.9 67
159 2.1 1.0 69
160 22 1.0 25
161 2.1 14 80
162 22 25 26
163 1.5 14 370
164 2.1 1.4 67
165 1.4 25 470

I
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SIN Serum Calcium Serum Phosphate Serum Parathyroid
166 1.4 2.8 472
167 22 14 26
168 22 1.1 29
169 2.2 1.1 28
170 2.2 1.1 25
171 2.2 1.4 26
172 1.5 2.2 367
173 1.8 0.8 179
174 1.8 1.2 182
175 22 1.1 23
176 2.1 1.1 139
177 2.2 0.8 24
178 22 0.8 67
179 1.6 1.1 24
180 1.9 1.4 25
181 2.1 1.9 309
182 2.1 1.9 142
183 22 1.0 68
184 22 1.1 69
185 1.9 1.1 22
186 2.2 0.8 24
187 2.2 2.0 139
188 1.9 1.1 24
189 2.2 1.1 25
190 2.2 0.8 68
191 2.1 1.9 141
192 22 1.0 22
193 22 0.8 26
194 2.2 0.9 28
195 22 0.8 25
196 2.2 0.8 24
197 2.2 1.1 21
198 22 1.1 20
199 22 1.4 25
200 22 14 24
201 1.6 29 309
202 1.4 25 470
203 1.5 25 369
204 1.5 22 368
205 1.5 2.7 372
206 1.6 24 312
207 1.5 2.6 368
208 1.6 27 313
209 22 0.8 23
210 22 0.8 22
211 2.1 0.8 66
212 22 0.8 21
213 2.2 0.8 25
214 2.2 1.0 668
215 1.5 2.2 24
216 22 0.8 26
217 2.1 1.0 69
218 22 1.0 27
219 22 0.8 22
220 2.2 0.8 26
221 2.0 2.1 99
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SIN Serum Calcium Serum Phosphate Serum Parathyroid
222 2.2 0.8 623
223 22 0.8 25
224 1.7 1.9 269
225 2.2 0.8 823
226 2.2 1.4 25
227 2.1 1.1 36
228 2.1 1.8 75
229 2.1 0.8 79
230 22 1.0 26
231 22 1.0 75
232 22 1.1 28
233 2.1 0.7 80
234 1.6 2.1 310
235 2.2 1.1 22
236 1.9 1.9 139
237 22 0.8 24
238 22 1.0 26
239 1.5 24 370
240 1.6 22 312
241 22 1.1 24
242 2.2 0.8 26
243 1.6 0.8 29
244 2.2 2.1 314
245 2.2 1.1 24
246 2.2 1.2 626
247 1.6 1.1 20
248 22 24 372
249 1.5 0.9 21
250 2.2 0.9 23
251 2.1 1.1 67
252 2.3 1.4 32
253 24 1.5 38
254 2.1 3.1 86
255 24 1.1 40
256 23 0.9 36
257 1.2 1.0 600
258 24 1.2 38
259 25 3.2 32
260 24 1.8 39
261 24 1.1 598
262 1.2 1.8 590
263 25 1.8 632
264 2.1 0.9 684
265 25 0.9 633
266 2.1 1.3 782
267 1.6 1.2 809
268 1.8 1.2 800
269 2.3 1.8 725
270 04 1.4 1000
271 2.6 1.0 615
272 2.0 1.7 699
273 1.8 2.0 590
274 23 1.6 628
275 24 1.1 740
276 25 1.7 636
277 2.1 0.8 68

A
(o]



Mungulluh et al.; AURN, 4(1): 36-49, 2021; Article no.AJRN.67939

SIN Serum Calcium Serum Phosphate Serum Parathyroid
278 1.6 0.8 310
279 1.4 3.5 768
280 2.1 1.0 70
281 2.2 0.8 33
282 1.9 0.6 738
283 2.0 1.5 698
284 2.2 1.4 35
285 2.2 1.4 38
286 24 1.1 39
287 2.0 1.5 97
288 22 1.5 25
289 1.9 1.7 139
290 22 1.1 33
291 2.1 1.1 68
292 2.0 1.1 96
293 22 1.0 35
294 2.1 0.8 67
295 22 0.8 35
296 22 0.8 38
297 22 1.0 839
298 1.5 2.2 368
299 22 0.8 38
300 2.1 1.0 69

Normal Reference values: Serum calcium: 2.2-2.6 mmol/l; Serum phosphate: 0.8-1.6 mmol/l ; Serum intact
Parathyroid: 15-65 pg/ml and130-585 pg/ml for CKD stage 5 on dialysis

Table 3. Factors associated with CKD-MBD

Variable Crude Odds ratio (95% P-value Adjusted odds ratios P-value
Cl) (95% CI)

Age >50years 3.32 (1.61-6.82) 0.001 1.54(0.53-4.44) 0.428

Male 1.125 (0.651-1.944) 0.673

Hypertension 1.352 (0.371-4.927) 0.647

Diabetes 0.806 (0.435-1.492) 0.493

Ca++ supplements 2.56 (1.50-4.37) 0.001 1.29(1.11-1.51) 0.001

Phosphate binders 3.70 (2.13-6.41) <0.001 1.46(1.09-21.00) 0.001

On dialysis 61.78(12.60-302.91) <0.001 13.39(5.02-35.71) <0.001

CKD-Duration (>2years)  2.11 (1.22-3.61) 0.007 1.18(0.37-3.73) 0.776

Ca++ rich diet 21.00(8.16-54.07) <0.001 1.83(1.60-2.11) 0.001

Low phosphate diet 148(20.18-1085.45) <0.001 1.97(1.68-2.32) 0.001

Similar to our study, CKD-MBD has been
reported to be a major complication in patients
undergoing dialysis [1,2,12-20]. This can be
explained by the fact that patients on dialysis
have a progressive deterioration in mineral
homeostasis which manifest as disruption serum
concentration of phosphorus, calcium and
parathyroid hormone level. These mineral
biomarkers are important in the regulation of
bone modeling and remodeling.

Our study has several limitations. First, being a
single center study at a tertiary hospital, our
study participants were mainly an advanced CKD
population. Therefore, our study results might not

47

be applicable in earlier stage CKD patients.
Second, the lack of bone biopsy and bone scan
for pathologic confirmation and determination of
the risk of bone fracture are also limitations to
this study. Third, we did not measure vitamin D
and FGF-23 levels.

5. CONCLUSION AND RECOMM-
ENDATIONS

This study has revealed a high prevalence of
mineral bone disease among patients with CKD,
therefore there is a need for physicians to pay
special attention to the biomarkers of this
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disabling condition, as well as providing proper
treatment to this condition.

We recommend serial monitoring of calcium,
phosphate and parathyroid hormone levels,
which are recognized primary indicators of CKD-
MBD as well as encourage patients to take low
phosphate diet and calcium rich diet, early
introduction of calcimimetic drugs, vitamin D
analogues and phosphate binders to those
patients with severe and persistent abnormalities
in these bone mineral biomarkers to further
reduce the contributions of CKD-MBD to the
morbidity and mortality in patients with CKD.
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