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Abstract

Background: The aim of this study was to evaluate the management of mineral and bone disorders (MBD) in patients with chronic kidney disease (CKD) in Iran and the
extent to which KDIGO goals were met.

Methods: This multi-centre observational study was conducted on patients with CKD stages 4, 5,and 5D. Data were collected from a total of 209 patients with no surgical or
medical conditions that precluded their participation. This study assessed the frequency of measurements, serum levels of phosphorus (P), calcium (Ca), and parathyroid
hormone (PTH), the achievement of the targets recommended by the 2009 KDIGO guidelines, and the presence of vascular/valvular calcification.

Results: The KDIGO targets for P, Ca, and iPTH, were achieved in 47%, 51%, and 18% of the patients with stage 4 + 5 and in 63%, 50%, and 44% of the patients with stage
5D, respectively. The serum PTH level of 18% of the patients with CKD stage 4 + 5 was within the recommended range, while it was higher than the recommended level
in other patients. Among patients with CKD stage 5D, the serum PTH level was within, below, and above the recommended range in 44%, 39%, and 17% of the patients,
respectively. The frequency of the measurement of the blood levels of Ca, P, and PTH were based on the 2009 KDIGO guidelines in 88% of patients. Forty-six percent of
cases were screened for vascular/valvular calcification, 30% of whom had calcification at least in one site.

Conclusions: The current status is far from the targets recommended by the current guidelines in the management of CKD-MBD.
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1. Background diseases are the leading cause of mortality in CKD patients
(3). Increased serum phosphorous level has been shown
to be independently associated with an excessive risk of
cardiovascular diseases in CKD patients (4, 5). Hyperphos-
phatemia also induces hyperparathyroidism, which can
lead to bone loss, bone marrow fibrosis, and fractures (6).
With the progression of chronic kidney disease, there is an
increase in serum phosphate level, which can later become
an important challenge for clinicians. Therefore, a key
focus is correction of serum phosphorus through the re-

Chronic kidney disease (CKD) is a complex disease with
an annual incidence of 200 cases per million occurring
in many countries (1). Nowadays, chronic kidney disease-
mineral and bone disorder (CKD-MBD) is defined as a syn-
drome, which includes bone abnormalities, laboratory ab-
normalities, and vascular calcification, which are associ-
ated with cardiovascular diseases (CVD), bone deformity
and fractures, and increased mortality (2). Cardiovascular
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striction of dietary phosphate and administration of phos-
phate binders.

To improve the quality of care in patients with CKD, var-
ious international guidelines, including the KDIGO bone-
mineral disease guidelines are published to be used in the
management of CKD-MBD; the guidelines have suggested
monitoring of phosphate (P), calcium (Ca), and serum PTH
levels decrease cardiovascular diseases in patients with
CKD stage 3 and higher (7-9). However, several studies
have reported a gap between the content of international
guidelines and actual practice (10-12). New studies have
emphasized on the type of drug for management of CKD-
MBD to reduce cardiovascular disease. A prospective co-
hort study showed an increased rate of survival in dialy-
sis patients treated with phosphate binders, as compared
with patients notreceiving phosphate binders (13). In addi-
tion, a systematic review showed that, in comparison with
patients, who used calcium phosphate binders, the risk of
all-cause mortality decreased in patients with chronic kid-
ney disease, who received non-calcium phosphate binders
(14).

This observational study aimed at assessing the adher-
ence to and achievement of the KDIGO bone-mineral tar-
gets and studying the factors that hinder the achievement
of the KDIGO targets.

2. Methods

This multi-center observational study was part of a
larger study called OCEANOS (Multi-national observational
study on clinical practices and therapeutic management
of mineral and bone disorders in chronic kidney disease
4, 5 and 5D). This study, which was conducted on Iranian
patients, began in June 2013 and continued until March
2014. To detect and diagnose CKD patients, the KDIGO 2009
guidelines were used (8).

2.1. Physician and Patients Selections

Adult patients (age > 18 years) with CKD stages 4, 5,and
5D, who were followed at 13 medical centers in Iran were
enrolled in this study. Exclusion criteria were as follows:
having an estimated glomerular filtration rate (eGFR) of >
30 mL/minute[1.73 m?, participation in an interventional
trial, or presence of any medical or surgical condition,
which might preclude patient’ participation in the study
(as judged by the researcher). A total of 210 CKD patients
were enrolled, of whom 209 patients met the inclusion cri-
teria. All of the physician who participated in this study,
were nephrologists and, taking into account their geo-
graphic distribution, they were randomly selected for par-
ticipation in the study.

2.2. Ethical Issues

Written informed consent was obtained from all of the
patients. Moreover, ethical approval was obtained from
the ethics committee of the chronic kidney disease re-
search center of Shahid Beheshti University of Medical Sci-
ences.

2.3. Data Collection

Achecklistwas used to assess physicians’ knowledge of
CKD-MBD guidelines, which included questions on physi-
cians’ age, gender, specialty, years of practice, main work-
place, type of institution, number of dialyses performed
per year in the studied center, and knowledge of and ad-
herence to international guidelines.

Casereport forms (CRF) were used to record data on pa-
tients’ characteristics and medical history including age,
blood pressure, body mass index (BMI), co-morbidities, his-
tory of smoking, cause and duration of CKD, history of
parathyroidectomy, current use of medications, presence
of vascular/valvular calcification, related methods of as-
sessment, and CKD stage. Also, data was collected regard-
ing time since the first dialysis, type of dialysis, and mean
frequency of hemodialysis in CKD stage 5D.

Taking in consideration the CKD stage, the study
evaluated different biochemical laboratory tests, such as
serum Ca, P, PTH, 25 (OH) Vitamin D, albumin, creatinine,
hemoglobin, LDL, cholesterol, presence of vascular and
valvular calcifications, and methods of evaluation via CT
scan, X-ray, and ultrasound. Serum Ca and P were mea-
sured using immunometric assays, and PTH was measured
using an immunoradiometric assay.

The primary evaluation criterion was to assess the
achievement of the KDIGO target ranges for serum PTH,
Ca, and P alone and all together (Ca, P, PTH) and adher-
ence to the KDIGO guideline was defined as meeting both
criteria of the target range and frequency measurement.
The secondary evaluation criteria were the followings: 1, as-
sessment of current type and dose of medications for the
management of CKD-MBD; 2, assessment of uncontrolled
MBD, which is defined as patients not achieving atleast one
KDIGO-CKD-MBD target for Ca, P, and serum PTH levels (ei-
ther in combination or individually); and 3, assessment of
the methods used for screening valvular/vascular calcifica-
tion and the type of calcium-based phosphate binders used
for patients with one or more calcifications. Estimated
glomerular filtration rate (eGFR) was calculated using the
equation developed for the modification of diet in renal
disease (MDRD-4) (15).

2.4. Statistical Analysis

The collected data was analyzed using the SPSS soft-
ware, version 18 (SPSS Inc., Chicago, IL). Quantitative vari-

Nephro-Urol Mon. 2018; 10(1):e61632.


http://numonthly.com

Nafar Met al.

ables were reported as range, median, mean, and standard
deviation; categorical variables were presented as frequen-
cies and percentages.

3. Results

3.1. Physicians’ Characteristics

Sixteen nephrologists working at 13 medical centers
participated in this study. The mean age of the physicians
was 46 +3(38 to 52) years and the median duration of their
practice was 15 (8 to 25) years. All of the physicians were fa-
miliar with the international guidelines of KDIGO and kid-
ney disease outcomes quality initiative (KDOQI). According
to their own feedbacks, about 75% of the physicians were
following the guidelines in their practices.

3.2. Patients’ Characteristics

Table 1 shows the general characteristics of the pa-
tients. Eighty-nine patients (43%) were females and 120
(57%) were males. The mean age of the patients was 56
=+ 16 (18 to 95) years. There was no significant difference
between the patients’ age among different stages of CKD.
Overall, 45% of the patients were aged older than 60 years.

The number of the patients with CKD stages 4, 5,and 5D
was 43, 24, and 142, respectively. Of all, 68% of the patients
were classified as stage 5D, 97% of whom (138 patients) were
receiving hemodialysis. The mean frequency of hemodial-
ysis was three times a week. Peritoneal dialysis was per-
formed only in 4 patients (3%). Diabetic nephropathy was
the most common cause of CKD (Figure 1). Parathyroidec-
tomy was performed on 15 patients (7%). Dialysate Ca con-
centration was 2.5 mEq/L in all the dialysis patients.

3.3. Primary Analysis

The mean (SD) serum P, Ca, and PTH level in patients
with stage 4 + 5 were 4.8 = 1.1 mg/dL, 8.9 & 0.8 mg/dL, and
158.6 £ 151.4 pg/dL, respectively. The mean (SD) serum P, Ca,
and PTH level in patients with stage 5D were 5.3 1.4 mg/d],
8.9 +1.0 mg/dL, and 352.6 % 385.3 pg/dL, respectively.

The target range of serum P level recommended by the
KDIGO guidelines for all of the patients with CKD stage 4, 5,
and 5D was 2.5 - 4.5 mg/dL and 2.5 - 5.5 mg/dL, respectively.
Overall, in 47% of the patients with CKD stages 4 +5 (Table 2)
and in 63.3% of the patients with CKD stage 5D (Table 3), the
serum P level was within the recommended KDIGO range.
In 58% of the patients, serum P level was within the KDIGO
recommended range, while it was lower or higher than the
recommended range, in 0.6% and 41.4% of the patients, re-
spectively.

It was found that nearly half of the patients (50%) had
a serum Ca level within the target range recommended
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by the KDIGO guidelines (8.5 - 9.5 mg/dL) while in 28.6% it
was lower than 8.5 mg/dL and in 21.4% was higher than 9.5
mg/dL (Table 4).

The data about serum PTH level was available only for
60% of the patients. The KDIGO target range of serum PTH
level recommended for CKD stages 4 and 5 ranged from
equal or more than the lower limit of normal (LLN) to equal
or less than the upper limit of normal (ULN); in CKD stage
5D, it was 2 to 9 times higher than the ULN. The normal
range of serum PTH level was 15 to 65 pg/mL. It was found
that the serum PTH levels of 44% of the patients with CKD
stage 5D and 18% of the patients with stages 4 + 5 were
within the KDIGO recommended range (Table 5, Figures 2
and 3). Among patients outside the guideline range for
PTH, a greater number of patients in stage 4 + 5 were in the
higher than target range, while more patients in stage 5D
were in the lower than the target range. The percentage of
the patients, who met all the KDIGO target ranges for Ca, P,
and PTH was relatively low: stage 4 + 5, 5%; stage 5D, 11%; all
the patients, 9%.

In 94% of patients, the frequency of P and Ca measure-
ments (regardless of the disease stage) was consistent with
the KDIGO recommended frequency (Figure 4). In 83% of
the patients, all the three laboratory tests were performed.
Figure 5 shows the frequency of the 3 measurements (Ca, P,
and PTH) in the patients, who had undergone all the 3 tests;
in addition, it presents the comparison between the mea-
sured values and the KDIGO guideline values. Among all of
the patients in whom all of the 3 tests had been performed,
the frequency of measurements was consistent with the
rates recommended by KDIGO guidelines in 88%.

Only 9% of the patients had performed all the 3 labo-
ratory tests and met the KDIGO target ranges, thus 91% did
not meet the KDIGO adherence criteria. So although 88%
of the frequency of measurements were consistent with
the KDIGO guideline, the adherence to KDIGO was very low
(9%), with lower rate in CKD stage 4 + 5 (5%) than CKD stage
5D (10%) (Figure 6).

3.4. Secondary Analysis

This study assessed current and ongoing medications
and found that 67% of all patients used anti-hypertensive
agents, 47% received lipid-lowering drugs, 28% were on in-
sulin, and 6% received oral anti-diabetic agents. Overall,
87% of the patients were taking a phosphate binder. The
type of phosphate binder used at each CKD stage was also
evaluated (Table 6). Of all the patients, who used phos-
phate binders, 91.8% received calcium-based phosphate
binders, 8% used sevelamer, and only one patient received
an oral calcimimetic agent (0.5%).

Overall, 67% of the patients received vitamin D supple-
ments. Most of them were taking active vitamin D with a
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Table 1. General Patients’ Characteristics by Chronic Kidney Disease Stage®

Parameter Stage 4 +5+5D (N=209) Stage4+5(N=67) Stage 5D (N=142)
Age,y 56 +16 57£15 56 +16
Male 120 (57) 39(58) 81(57)
BMI, Kg/m* 24.8 £ 4.6 253142 245+ 4.8
<25 115 (55) 33(493) 82(57.7)
> 25 94 (45) 34(50.7) 60 (42.3)

Alkaline phosphatase, IU/L 344 £ 318 277 £ 118 370 %365
Serum albumin, g/L 40+ 45 40+ 42 401 4.6
Hemoglobin, g/dL 1.4 +17 1.6 £19 1.4 +1.6
LDL-Cholesterol, mmol/L 24408 2.6+0.8 2214038
Serum creatinine, mg/dL 52414 48+11 53+14
Creatinine clearance, mL/min 1B+71 19.6 £ 7.4 9.9+ 41
Serum Bicarbonate-HCO;3, Meq/L 20.6 =3.6 215+ 5.8 20.2+2.6
Abbreviations: BMI, Body Mass Index; CKD, Chronic Kidney Disease; LDL, Low-Density Lipoprotein.
*Values are expressed as mean + SD (standard deviation) or No. (%).

Table 2. Serum Phosphorous Level Based on KDIGO Guidelines in Chronic Kidney Disease Stage 4 and 5°
Serum P level, KDIGO Target Range, mg/dL Stage 4 Stage 5 Total (Stage 4 +5)
<25 0(0) 0(0) 0(0)
25t04.5 29(69) 2(8) 31(47)
> 45 13(31) 22(92) 35(53)
Abbreviations: CKD, Chronic Kidney Disease; KDIGO Guidelines, Kidney Disease; Improving Global Outcomes Guidelines; P, Phosphorous.
*Values are expressed as NO. (%).

Table 3. Serum Phosphorous Level Based on KDIGO Guidelines in Chronic Kidney Disease Stage 5D
Serum P Level KDIGO Target Range (Stage 5D), mg/dL /N =139 No. (%)
< 2.5 (Less than KDIGO) 1(0.7)
2.5 to 5.5 (According to KDIGO) 88(63.3)
> 5.5 (Greater than KDIGO) 50(36)
Abbreviations: CKD, Chronic Kidney Disease; KDIGO Guidelines, Kidney Disease; Improving Global Outcomes Guidelines; P, Phosphorous.

Table 4. Serum Calcium Based on KDIGO Guidelines by Chronic Kidney Disease Stage (Eligible Patients’ Population)®
Serum Ca KDIGO Range, mg/dL Stage 4 Stage 5 Stage (4 +5) Stage 5D Total
<85 13(30) 5(21) 18(27) 41(30) 59(28.6)
8.5t09.5 21(49) 13(54) 34 (51) 69 (50) 103(50)
>95 9(21) 6(25) 15(22) 29(20) 44(21.4)

Abbreviations: Ca, Calcium; CKD, Chronic Kidney Disease; KDIGO Guidelines; Kidney Disease: Improving Global Outcomes Guidelines.

*Values are expressed as No. (%).

dosage of 0.75 to 7 mcg/week (Table 6).

3.5. Vascular/Valvular Calcification Screening

Overall, 96 patients (46%) had undergone at least one
X-ray or ultrasound or computed tomography (CT) scan

Nephro-Urol Mon. 2018; 10(1):e61632.
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Figure 1. Causes of Chronic Kidney Disease in all Patients
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CKD, Chronic kidney disease.
Table 5. Parathyroid Hormone Based on KDIGO Guidelines by Chronic Kidney Disease Stage®

Within KDIGO Target Range Stage 4 Stage5 Stage4+5 Stage 5D
Yes 4(15) 3(23) 7(18) 55 (44)
No 22(84) 10 (77) 32(82) 69 (56)

Abbreviations: CKD, Chronic Kidney Disease; KDIGO Guidelines, Kidney Disease; Improving Global Outcomes Guidelines; PTH, Parathyroid Hormone.

#Values are expressed as No. (%).

to screen for vascular/valvular calcification. Of these, 30%
(29/96) had at least one calcification. Ultrasound was the
most frequently used screening test used for detecting cal-
cification. Table 7 presents details on vascular/valvular cal-
cification screening.

3.6. Physician’s Adherence to Kidney Disease and Current
Chronic Kidney Disease Treatment

Overall, 9.2% of the patients achieved all the KDIGO
target ranges and 8.6% adhered to the KDIGO guidelines,

Nephro-Urol Mon. 2018; 10(1):e61632.

when all the 3 laboratory tests were done (Table 8). The
number of years of physicians practice did not affect their
adherence to the KDIGO guidelines.

Table 9 presents data on current and ongoing CKD
treatments in patients, who were followed up by a nephrol-
ogist. The number of patients receiving phosphate binder
was higher than those receiving other types of drug such
asvitamin D or calcimimetic drugs.
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Table 6. Type of Ongoing Phosphate Binder and Vitamin D Receptor Agonist by Chronic Kidney Disease Stage®

Parameter Stage 4 (N=43) Stage5(N=24) Stage 5D (N=142) Stage4+5(N=67) Stage 4+5+5D(N=209)
Phosphate binder

Yes 31(72) 16 (67) 135 (95) 47(70) 182(87)

No 12(28) 8(33) 7(5) 20(30) 27(13)

Type of phosphate binder®

Aluminum-based binder 1(3) 0(0) 3(2) 1(2) 4(2)
Lanthanum-based binder 0(0) 0(0) 0(0) 0(0) 0(0)
Calcium-based binder 30(97) 16 (100) 121(90) 46(98) 167(92)
Calcium acetate 0(0) 1(6) 7(5) 1(2) 8(4)
Calcium carbonate 30(97) 15(94) 115 (85) 45(96) 160 (88)
Non-calcium, non-metal based 1(3) 0(0) 32(24) 1(2) 33(8)

Oral calcimimetic agent

Yes 0(0) 0(0) 1(0.7) 0(0) 1(0.5)
No 43(100) 24(100) 141(99.3) 67(100) 208(99.5)
Vitamin D 28(65.1) 12 (50) 100 (70.4) 40(59.7) 140 (67)
Native vitamin D 4(143) 0(0) 21(21) 4(10) 25(17.9)
25 (OH) vitamin D 3(10.7) 0(0) 3(3) 3(7.5) 6(43)
Active vitamin D (1,25 (OH) vitamin D) 23(821) 12(100) 84(84) 35(87.5) 119 (85)

Abbreviation: CKD: Chronic Kidney Disease.
*Values are expressed as No. (%).
Some patients used more than one types of phosphate binder.

Table 7. Screening Test Performed and Observation of Vascular/Valvular Calcification®

Parameter Stage 4,N=43 Stage5,N=24 Stage 5D, N =142 Stage 4 +5,N=67 Total, N=209

Patients with at least one test performed 17(40) 6(25) 73 (51) 23(34) 96 (46)
Among patients with at least one test performed
atleast1calcification observed 3(18) 1(17) 25(34) 4(17) 29 (30)

Among patients with at least one calcification observed

1st screening test 2(67) 1(100) 15(60) 3(75) 18(62)
2nd screening test 1(33) 0(0) 10 (40) 1(25) 11(38)
3rd screening test 0(0) 0(0) 0(0) 0(0) 0(0)
X-ray N=14(32.6) N=2(83) N=42(29.6) N=16(23.9) N=58(27.7)
atleast 1 calcification observed 1(7.1) 0(0) 9(21.4) 1(6.3) 10 (17.2)
Ultrasound N=16(37.2) N=6(25) N=61(43) N=22(33) N=83(39.8)
atleast1 calcification observed 3(18.8) 1(16.7) 23(37.7) 4(18.1) 27(32)
CI'scan N=0(0) N=0(0) N=7(4.9) N=0(0) N=7(33)
atleast 1 calcification observed 0(0) 0(0) 6(85.8) 0(0) 6(85.8)

*Values are expressed as No. (%).

3.7. Diabetes Status Sub-Group Analysis 5,and 5D, 26%, 13.7%, and 60.3%, respectively, were patients
Overall, 34% of the patients had diabetes, 93% of whom  with diabetes. The percentage of patients whose serum
had diabetes type 2. Of all the patients with CKD stages 4,
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Table 8. Physicians’ Characteristic According to Patient’s Adherence to KDIGO Guidelines®

Physician’s Patient Data
Characteristics Al KDIGO Targets Ranges Met Frequency of Measurements Follow KDIGO Guidelines Adherence to KDIGO Guideline
Yes (N=15) No (N=147) Yes (N=143) No (N=19) Yes (N=14) No (N=148)
Specialty
Nephrologist 15(100) 147(100) 143 (100) 19 (100) 14(100) 148 (100)
Main workplace
Hemodialysis center 6(40.0) 17(11.6) 17(11.9) 6(31.6) 5(35.7) 18(12.2)
Nephrology department 7(46.7) 100 (68.0) 101(70.6) 6(31.6) 7(50.0) 100 (67.6)
Institution type
Public 4(26.7) 91(61.9) 84(58.7) 11(57.9) 3(21.4) 92(62.2)
Private 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Mixed (public and private) 1(733) 56(38.1) 59 (413) 8(421) 11(78.6) 56(37.8)
Number of CKD patients followed-up
<1000 6(40.0) 85(57.8) 82(573) 9(47.4) 5(35.7) 86 (58.1)
1000-5000 9(60.0) 62(42.2) 61(42.7) 10 (52.6) 9(64.3) 62(41.9)
Declared to follow
KDIGO guidelines 1(733) 107(72.8) 105(73.4) 13(68.4) 10 (71.4) 108(73.0)
K/DOQI guidelines 1(733) 120 (81.6) 118 (82.5) 13(68.4) 10 (71.4) 121(81.8)
Know any other guidelines 11(73.3) 83(56.5) 92(64.3) 2(10.5) 11(78.6) 83(56.1)

Abbreviations: KDIGO guidelines, Kidney Disease; Improving Global Outcomes Guidelines; K/DOQI Guidelines, Kidney Disease Outcomes Quality Initiative Guidelines.

2 Any values are number (%).

Table 9. Physicians’ Characteristic According to Current or Ongoing Chronic Kidney Disease Treatment®

Physician’s Characteristics

Patient Treatment Data

Phosphate Binder (N =182) Oral Calcimimetic (N=1) Vitamin D (N=140)

Specialty

Nephrologist 182 (100) 1(100) 140 (100)
Main workplace

Hemodialysis center 24(13.2) 1(100) 15(10.8)

Nephrology department 122(67) 0(0) 95(67.8)

Other 36(19.8) 0(0) 30(21.4)
Institution type

Public 99 (54) 0(0) 68(49)

Private 0(0) 0(0) 0(0)

Mixed “public” and “private” 83(46) 1(100) 72 (51)
Number of CKD patients followed-up

<1000 100 (55) 0(0) 71(51)

1000-5000 82(45) 1(100) 69(49)
Declared to follow

KDIGO guidelines 135 (74) 1(100) 97(69)

K/DOQI guidelines 146 (80) 1(100) 105 (75)

Know any other guidelines 101(56) 1(100) 85 (61)

Abbreviations: KDIGO guidelines, Kidney Disease; Improving Global Outcomes Guidelines; K/DOQI Guidelines, Kidney Disease Outcomes Quality Initiative Guidelines.

?Any values are number (%).

Ca level was within the KDIGO target range was lower in
patients with diabetes than in non-diabetic patients (44%
versus 53%), yet the percentage of patients whose serum
PTH level was within the KDIGO target range was higher in
patients with diabetes than in non-diabetic patients (50%

Nephro-Urol Mon. 2018; 10(1):e61632.

versus 32.1%). There was no significant difference between
the 2 groups in terms of adherence to the KDIGO guide-
line for serum P level. In addition, there was no signifi-
cant difference between the 2 groups in terms of the per-
centage of patients with diabetes that were taking a phos-
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Figure 2. Parathyroid Hormone Based on KDIGO guidelines in Chronic Kidney Dis-
ease Stage 4 +5

B LLN to ULN

W >ULN

LLN, Lower limit of normal of PTH; ULN, Upper limit of normal of PTH.

phate binder and the type of phosphate binder; however,
non-calcium phosphate binders were used slightly more in
patients without diabetes than in patients with diabetes.
There was no statistically significant difference between
the 2 groups of diabetic and non-diabetic patients in terms
of adherence to the KDIGO guideline, meeting all KDIGO
target ranges, and the frequency of measurement as rec-
ommended by KDIGO guidelines. As compared with non-
diabetic patients, a higher number of patients with dia-
betes had at least one calcification (34.5% versus 28.4%).

4. Discussion

Hyperphosphatemia is recognized as a risk factor for
CVD and is associated with 20% to 40% rise in the risk of all-
cause mortality and deaths from coronary artery diseases
in patients on dialysis (16-18). In addition, Ca and P disor-
ders and dose of elemental Ca existing in calcium phos-
phate binder are known risk factors for vascular calcifica-
tion in patients with CKD. Moreover, vascular calcification
is a strong prognostic marker for all-cause mortality and
cardiovascular mortality in patients on dialysis (19). Hy-
perphosphatemia and hypercalcemia are also considered
risk factors for calciphylaxis (20). Thus, it is of great impor-
tance to maintain the target levels of Ca and P via modify-
ing diet and using efficient dialysis and appropriate phos-
phate binders. Various types of calcium-based and non-
calcium based phosphate binders are available. Appar-
ently, there is a correlation between the dose of calcium-
based phosphate binder and calcium load on aortic calcifi-
cation (21, 22).

In this multicenter observational study, 209 patients
with CKD stage 4 to 5D from different parts of Iran were in-
vestigated. In nearly 100% of the patients, serum Ca and

P levels were measured, however PTH level was measured
only in 77% of the patients. Overall, in 93% of cases, the
frequency of monitoring serum Ca and P levels was consis-
tent with KDIGO recommendations. In addition, in 88% of
cases, the frequency of measuring all the 3 markers of Ca,
P,and serum PTH levels was consistent with the KDIGO rec-
ommended frequency. Compared with a tertiary care cen-
terin India (with Ca and P monitoring frequency of 8%), the
frequency of monitoring Ca, P,and PTH serum levels in Iran
seems to be much more favorable (23).

Regarding the target levels, almost half of the patients
were in the target range of serum Ca level and more than
half of the patients were in the target range of serum P level
recommended by the KDIGO. In a multi-center study in
China, patients with CKD stage 5D showed better P and Ca
serum level, as compared with patients on hemodialysis (P:
63% versus 38%; Ca: 50% versus 39%) (24). This is consistent
with the results of dialysis outcomes and practice patterns
study (DOPPS), 2011, which was conducted on hemodialy-
sis patients in USA and Canada that reported rates of 52%
and 55% for serum P target ranges and 53.7% and 63.1% for
serum Ca target ranges, respectively (25).

Of all the patients with stage 4 + 5 CKD, 82% had hyper-
parathyroidism; hypoparathyroidism was not observed in
any of the patients. Nevertheless, in the majority of pa-
tients with stage 5D disease, failure to achieve PTH tar-
gets could be mainly attributed to the high percentage of
patients with low PTH and possibly adynamic bone dis-
ease, considering that 39% of patients received hemodialy-
sishaving PTH levelsless than 150 pg/mL (as compared with
hyperparathyroidism, which was observed in 17%). This re-
sult is almost consistent with the results of 2 studies in Ko-
rea and India, conducted on patients receiving hemodialy-
sis; according to the results of the two studies, PTH > 300
was observed in 26.5% and 28% and PTH < 150 was observed
in 42.7% and 46% of the patients, respectively (26, 27). On
the other hand, patients in the present study had a bet-
ter serum mineral profile, as compared with the results of
another study on hemodialysis patients in Iran conducted
during year 2005 (Ca: 53% versus 50%, P: 52% versus 63% re-
spectively); in addition, the prevalence of PTH < 150 pg/mL
was lower than that observed in a previous study (39% ver-
sus 48.1%) (28). In the DOPPS 2011 study, which was con-
ducted on patients with CKD stage 5D in Canada and USA,
the serum PTH level was between 150 and 600 pg/mL in
67.5% and 47.1%, respectively, lower than 150 pg/mL in 19.8%
and 25.9%, respectively, and higher than 600 pg/mLin12.7%
and 26.9%, respectively (25). This result shows the higher
prevalence of adynamic bone disease in Asian patients, as
compared with Canadian and American patients. Overall,
67% of all patients and 70% of patients under hemodialy-
sis were taking active vitamin D, which could explain the
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Figure 3. Parathyroid Hormone Based on KDIGO Guidelines in Chronic Kidney Disease Stage 5D

2*ULN to 9*ULN

N <2*ULN

B >9*ULN

Purple color: outside of KDIGO target range for PTH. CKD, Chronic kidney disease; KDIGO guidelines, Kidney Disease; Improving Global Outcomes guidelines; PTH, Parathyroid

hormone; ULN, Upper limit of normal of PTH.

Figure 4. Frequency of Measurements of serum Ca and P levels Based on KDIGO

100% 98%

0

Stage 4

90% -
807% -
70% -
60% -

94%

Stage 5D

4+5+5D

Ca, Calcium; P, Phosphorus; KDIGO guidelines, Kidney Disease; Improving Global Outcomes guidelines.

presence of hypercalcemia and adynamic bone disease.

In a large number of patients, the frequency of moni-
toring serum levels of these markers was consistent with
the KDIGO recommended frequency. Of all the patients,
9.3% met the targets recommended for all the 3 markers of
Ca, P,and PTH. However, only a very small percentage of the
patients (9%) had total adherence to all KDIGO guidelines
in terms of both the optimum frequency of monitoring of

Nephro-Urol Mon. 2018; 10(1):e61632.

PTH, Ca and P, and achievement of the serum levels targets.
Despite the higher percentage of monitoring serum levels
of Ca, P,and PTH in stage 4 + 5 patients, they were less suc-
cessful than stage 5D patients, meeting the targets recom-
mended by KDIGO except for Ca (P: 47% versus 63%, Ca: 51
% versus 50%, and PTH: 18% versus 44%). Given that the pa-
tients at the dialysis centers were visited at regular inter-
vals by nephrologists, the observed difference is justifiable.
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Figure 5. Frequency of Three Measurements (Ca, P, and PTH) Respecting KDIGO
Guideline in Patients Were Done for all Three Lab Tests

100% 100% 100%

90% 38%
85%

70%

Stage 4 Stage 5 5D 4+5 4+5+5D

Ca, Calcium; P, Phosphorus; PTH, Parathyroid hormone; KDIGO guidelines, Kidney
Disease; Improving Global Outcomes guidelines.

The majority of patients with stage 5D (95%) and 70% of
patients with stage 4 + 5 were taking phosphate binders.
Of all, 94% used calcium carbonate, which was higher than
the rates observed in US (73%) and Canada (43.1%) reported
by DOPPS 2010 (25). In addition, there was no significant
difference between the patients with different stages of the
disease in terms of the type of phosphate binders, which
they used. Non-calcium phosphate binders were used only
in a small group of patients (8%), which could explain the
observed rate of hypercalcemia (21%) in the studied pa-
tients. In a recent meta-analysis conducted by Jamal et al.,
a 22%-decrease in mortality was observed after using non-
calcium phosphate binders (sevelamer and lanthanum)
(14). In addition, according to the results of a study by Elder
et al. the use of sevelamer, as compared with calcium car-
bonate, was associated with less mortality in the patients
with stage 3-5D CKD (29). As the current results showed,
the studied patients were at a high risk of calcification
and a moderate risk of hypercalcemia (Tables 4, 7). In ad-
dition, because of the likely effect of calcium-based phos-
phate binders on vascular calcification and hypercalcemia
and since the target levels of Ca and P were not achieved in
this study, it seems necessary to pay special attention to the
type and dose of phosphate binders and diet of patients.

Considering the frequency of monitoring, the ob-
served value does not seem appropriate. These findings are
not unique to the current study, as in many previous stud-
iesithasbeendifficult toreach the targets of KDIGO in min-
eral metabolism (10, 12, 30, 31). The key to success in man-
aging Ca and P disorders in patients with CKD is to follow
the international guidelines and maintain Ca, P,and serum
PTH levels in the target range. The high percentage of non-
adherence to KDIGO guidelines, which was observed in this
study, may potentially be attributed to the high costs of ac-
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cess to non-calcium phosphate binders at the time of the
study and possibly low adherence to diet.

As the guidelines have an important effect on the dis-
ease outcomes, it is necessary to study the factors hinder-
ing the accomplishment of the targets and eliminate the
major obstacles hindering the achievements of the targets.

One of the limitations of the current study was the fail-
ure to investigate other factors affecting the management
of CKD-MBD, including a phosphorus-rich diet and ade-
quacy of dialysis. In addition, because of the observational
nature of the study, it was not possible to find a causal-
effect relationship for interpreting the values of the vari-
ables. In addition, it should be mentioned that this study
was done on 2013 and the choice of phosphate binders has
possibly changed since then, after Sevelamer has been cov-
ered by insurance companies in our country.

4.1. Conclusion

The findings of this study showed that CKD-MBD man-
agement in Iran is not currently optimal as meeting the
targets recommended by the KDIGO guidelines has not
been achieved. Given the importance of vascular calcifi-
cation and the impact of mineral disorders in its devel-
opment, it is of great importance to find the barriers to
achieving these goals. Therefore, it is necessary to pay spe-
cial attention to the patients’ diet, restrict the use of phos-
phate, ensure dialysis adequacy, provide insurance for the
patients, and ensure the availability of medicines and new
treatments to reach the targets and reduce the complica-
tions.
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