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Diagnosis and Management of Chronic Kidney Disease-
Mineral Bone Disease in Children

Chronic kidney disease–mineral bone disorder (CKD–MBD) is a systemic disorder 
of mineral and bone metabolism caused by CKD. Patients with early-stage CKD 
who present with disordered regulation of bone and mineral metabolism may be 
asymptomatic. However, if untreated, the condition can be a significant barrier 
in achieving optimal bone strength, linear growth, and cardiovascular health in 
pediatric patients with CKD. Thus, the current study evaluated the definition, pa
thogenesis, diagnosis, and management of pediatric CKD-MBD. 
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Introduction
Chronic kidney disease (CKD) is defined as the presence of either structural 

or functional kidney damage, with or without a decrease in glomerular filtra­
tion rate (GFR) or a GFR <60 mL/min/1.73 m2, and with or without signs of 
kidney damage for >3 months1). To stratify the risk of CKD progression and 
its complications, the condition was classified into five stages on the basis of 
GFR levels (Table 1). Children with stage 1–2 CKD are commonly asympto­
matic and should be followed-up for the deterioration of renal function. By 
contrast, children with more advanced stages of CKD experience CKD-asso­
ciated complications, including fluid and electrolyte disorders, hypertension, 
anemia, growth impairment, and mineral bone disorder (MBD)2). The current 
study focused on the diagnosis and management of CKD-MBD. 

Definition of CKD-MBD

Dysregulation in mineral metabolism and abnormal bone structure are 
common findings among pediatric CKD patients, and they contribute to high 
morbidity and mortality3). CKD-MBD is defined as the presence of one or 
more of the following problems: (1) abnormalities in calcium, phosphorus, 
and parathyroid hormone (PTH) levels or vitamin D metabolism; (2) pro­
blems in bone turnover, mineralization, linear growth, or strength; and 3) 
vascular or other soft tissue calcifications4). Children with CKD who present 
with CKD-BMD may develop significant complications, including fractures 
and bone pain, similar to those observed in adult CKD patients; complica­
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tions, such as growth failure and skeletal deformities are 
unique among children. The term renal osteodystrophy 
specifically refers to abnormal bone lesions, which are iden­
tified through bone biopsy. 

Pathogenesis of CKD-MBD

The pathogenesis of CKD-MBD involves an interplay 
among the kidney, bone, and parathyroid glands. In the 
early stages of CKD, fibroblastic growth factor 23 (FGF23) 
levels increase, and serum phosphate and PTH levels re­
main within normal ranges5). With the progression of CKD, 
phosphate retention caused by decreased renal phosphorus 
excretion increases the levels of phosphaturic hormones, 
FGF23, and PTH, which is a mechanism that maintains 
serum phosphorus concentration6,7). In addition, phosphate 
retention results in a decrease in 1,25-dihydroxyvitamin 
D levels to reduce enteral phosphate absorption7). Elevated 
FGF23 levels further decrease 1,25-dihydroxyvitamin D 
levels by inhibiting 1-hydroxylase activity in the kidney, 
and this leads to a reduction in 1,25-dihydroxyvitamin D 
levels caused by decreased 1-hydroxylation of 25-hydroxy­
vitamin D levels8). Phosphate retention and 1,25-dihydro­
xyvitamin D deficiency decrease calcium levels, and low 
1,25-dihydroxyvitamin D levels and hypocalcemia contri­
bute to secondary hyperparathyroidism8). Increased PTH 
activity in the bone results in high bone turnover and re­
sorption, which weakens the bones and increases both cal­
cium and phosphate levels––this mechanism may promote 
vascular calcification9).

Screening and monitoring of CKD-MBD

The Kidney Disease: Improving Global Outcomes 
(KDIGO) and the Kidney Disease Outcomes Quality Ini­
tiative (K/DOQI) guidelines recommend that the serum 
calcium, phosphate, and PTH levels and the alkaline pho­
sphatase activity should be monitored in children with 
stage 2 CKD2,10). The reasonable monitoring intervals are 
summarized in Table 2. Moreover, the frequency of mea­
surements for children treated for CKD-MBD should be 
increased to monitor treatment efficacy and side effects. 
The PTH level is negatively correlated with renal function, 
although the optimal PTH levels of pediatric CKD patients 
have not been identified11). The K/DOQI guideline shows 
that the recommended target PTH concentrations at each 
stage of CKD are as follows: 35–70 pg/mL in stages 2–3, 
70–110 pg/mL in stage 4, and 200–300 pg/mL in stage 52). 
The KDIGO guideline recommends maintaining PTH 
levels within approximately 2–9 times the upper normal 
limit for patients on dialysis. If the PTH level is progressively 
increasing or persistently above the upper limit of the nor­
mal value, patients who are not on dialysis should be eva­
luated for modifiable risk factors, including hyperphospha­
temia, hypocalcemia, and vitamin D deficiency10). A modest 
increase in PTH levels indicates an appropriate adaptive re­
sponse to declining kidney function in patients with stage 
2–5 CKD, with consideration of the potential adverse effects 
of reducing PTH values with the use of active vitamin D or 
calcimimetics. Thus, recently, several experts have shown 
that maintaining PTH levels within the normal range may 
be harmful in children with CKD12-14). Moreover, PTH 
values that are 1–2 times the upper normal limit may be 
acceptable in children with stage 2-3 CKD, and PTH levels 

Table 1. Stages for Chronic Kidney Disease by Glomerular 
Filtration Rate (GFR) Categories

Stage GFR 
category

GFR 
(mL/min/1.73m2) Description

1 G1 ≥90 Kidney damage with normal or 
increased GFR

2 G2 60–89 Kidney damage with mild decrease 
in GFR

3 G3a 45–59 Mild to moderate decrease in GFR

G3b 30–44 Moderate to severe decrease in GFR

4 G4 15–29 Severe decrease in GFR

5 G5 <15 Kidney failure

Table 2. Recommended Monitoring Intervals of Serum Calcium, 
Phosphate and Parathyroid Hormone Levels in CKD Patients

CKD Stage
K/DOQI guideline2) KDIGO guideline10)

Serum Ca/P PTH Serum Ca/P PTH

2 yearly yearly NA NA

3 6 months 6 months 6–12 months 6 months*

4 3 months 3 months    3–6 months 6–12 months

5 monthly 3 months    1–3 months   3–6 months

*The intervals can be adjusted based on the baseline PTH level and the 
rate of CKD progression.
Abbreviations: CKD, chronic kidney disease; K/DOQI, the Kidney Disease 
Outcomes Quality Initiative; KDIGO, The Kidney Disease: Improving 
Global Outcomes; Ca, calcium; P, phosphate; PTH, parathyroid hormone.
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that are 1.7–5 times the upper normal limit may be optimal 
in those with stage 4–5 CKD12). Thus, further studies must 
be conducted to define the optimal PTH level according to 
the CKD stage in children12,15).

Treatment of CKD-MBD

The therapeutic goal of pediatric CKD-MBD is to prevent 
or minimize complications in the growing skeleton, achieve 
adequate growth, and prevent vascular calcification by ma­
naging hyperphosphatemia, vitamin D deficiency, and se­
condary hyperparathyroidism3,16). The options for achie­
ving the therapeutic goal include dietary modification, use 
of pharmacological agents, and surgical treatment. To date, 
to provide better treatment options for pediatric patients 
with CKD-MBD, several randomized controlled trials 
(RCTs) have compared the efficacy and safety between dif­
ferent treatment modalities, such as calcium-based phosp­
hate binders versus calcium-free phosphate binders, vi­
tamin D versus placebo, and calcimimetics versus placebo 
13,17,18). 

When there is a progressive or persistent increase in pho­
sphate levels, treatments for lowering these levels toward 
the normal range are required10). The serum phosphate 
concentration is highest in infants, and its normal value 
decreases as the child ages. The target serum phosphate 
levels are approximately 5.0–8.0 mg/dL for infants, 4–6 
mg/dL for children aged 1–12 years, and 3.5–5.5 mg/dL in 
adolescents19). Phosphate binders in combination with die­
tary phosphorus restriction are frequently used to lower 
serum phosphate levels. The K/DOQI guideline indicates 
that dietary phosphate intake should be limited to 100% of 
the dietary reference intake (DRI) for age when the serum 
PTH concentration is above the target range for CKD 
stage, and the serum phosphate concentration is within the 
normal reference range for age, and is limited to 80% of the 
DRI for age when both serum PTH and serum phosphate 
levels are above the target range19). However, maintaining 
compliance with dietary phosphate restriction is challen­
ging in children because most of their favorite foods are 
rich in phosphate. Therefore, phosphate binders are often 
required to correct hyperphosphatemia, and calcium-based 
and calcium-free phosphate binders are also available. Ge­

nerally, calcium-based phosphate binders, such as calcium 
carbonate and calcium acetate, are used as an initial the­
rapy because they are cheap, well-tolerated, and effective 
in lowering serum phosphate and PTH levels20). However, 
there is a concern about calcium overload and vascular 
calcification with the use of these drugs. In patients with 
hypercalcemia, calcium-free phosphate binders are pre­
ferred21,22). Some calcium-free phosphate binders that are 
commonly used in pediatric CKD patients are sevelamer 
hydrochloride and sevelamer carbonate. Lanthanum car­
bonate is another type of calcium-free phosphate binder, 
which is effective. Recent RCTs showed that compared with 
calcium-based binders, calcium-free binders can signifi­
cantly reduce the risk of hypercalcemia, coronary artery 
calcification, and mortality in CKD patients17,22,23). Iron-
based phosphate binders, including ferric citrate, were re­
cently developed to correct the common CKD comorbi­
dities of hyperphosphatemia and iron deficiency anemia24). 
In 2014, ferric citrate was approved by the U.S. Food and 
Drug Administration for adult CKD patients on dialysis. 
It was well-tolerated and associated with decreased phosp­
hate levels and improved iron parameters in a study on a 
small group of pediatric dialysis patients, similar to that 
seen in adult CKD patients. However, larger clinical trials 
must be conducted to validate the safety and efficacy of 
these drugs in the pediatric population25). Aluminum- and 
magnesium-based phosphate binders are also non-calcium- 
based binders. However, the long-term use of these drugs is 
not recommended for pediatric CKD patients. Aluminum 
accumulation in the tissues, particularly bone and brain 
tissues, can cause bone disease and neurologic complica­
tions, including encephalopathy and neurocognitive dys­
function3,26). In addition, magnesium-containing binders 
may predispose patients to hypermagnesemia and frequent 
diarrhea3). Phosphate binders should be taken 10–15 mi­
nutes before or during meals. If taken between meals, the 
phosphate-lowering effect is decreased because most die­
tary phosphates have already been absorbed. Moreover, 
phosphate binders have a limited phosphate-binding capa­
city. Therefore, these drugs may be effective in lowering 
serum phosphate levels only if dietary phosphate restriction 
is maintained16). 

Vitamin D deficiency is common and often severe in 
children and adults with CKD27). Treatment of vitamin D 
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deficiency is important because vitamin D deficiency con­
tributes to secondary hyperparathyroidism. Therefore, 
serum 25-hydroxyvitamin D levels should be monitored 
regularly in stage 2 CKD patients and maintained at >30 
ng/mL, but not exceeding 48 ng/mL, in children with stage 
2–5 CKD28). In patients with serum 25-hydroxyvitamin D 
levels < 30 ng/mL, vitamin D2 (ergocalciferol) or vitamin 
D3 (cholecalciferol) treatment is recommended19,28). In a 
randomized, double-blind, placebo-controlled study in 
children with stage 2–4 CKD, ergocalciferol was found to 
be effective as it delays the development of secondary hyper­
parathyroidism18). Several guidelines present the starting 
dose and duration of vitamin D supplementation in pedia­
tric CKD patients based on the severity of vitamin D defici­
ency and the age or weight of the patients19,28). Active vita­
min D analogue, including calcitriol, is recommended for 
children with CKD who present with serum PTH concen­
trations consistently above the target range even if the serum 
25-hydroxyvitamin D levels are not low (≥30 ng/mL)29). 
During treatment, serum calcium, phosphate, and 25-hy­
droxyvitamin D levels should be monitored monthly for 
electrolytes and at 3 month-intervals for serum 25-hydr­
oxyvitamin D levels. 

Calcimimetics, including cinacalcet, that increase the 
sensitivity of the calcium-sensing receptor in the parathy­
roid gland to calcium, can be used for severe hyperparathy­
roidism in CKD patients30). Studies of pediatric CKD pa­
tients, including a recent RCT, showed that the use of 
cinacalcet is effective in reducing parathyroid hormone 
levels in children with hyperparathyroidism. However, 
the long-term effects have not yet been assessed13,31). For 
patients with refractory hyperparathyroidism that does not 
respond to medical or pharmacological therapy, parathy­
roidectomy may be indicated10).

Conclusion

Abnormalities in mineral and bone metabolism are 
common and important complications of CKD. Patients 
with these complications may be asymptomatic. Moreover, 
these complications can occur in the early stages of CKD. 
Therefore, screening and monitoring of serum electrolyte, 
PTH, and vitamin D concentrations as well as that of ade­

quate linear growth are recommended for all children with 
CKD beginning at stage 2 of the disease. Prevention and 
treatment include dietary management and/or use of me­
dications to maintain the optimal levels of electrolytes and 
related hormones, and these strategies should be indivi­
dualized in this group of patients. 
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