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Abstract 
 

We reported a case of adynamic bone disease (ABD) in an older woman with chronic kidney disease, stage-4 (CKD-4), with an estimate of 

29ml/min glomerular filtration rate (eGFR). Similarly, the patient presented with bone pain and osteoporosis as well as intact parathyroid 

hormone (PTH) was suppressed (<6ng/dl) secondary to the use of vitamin D analogs for secondary hyperparathyroidism (SHPT) of CKD. 

Furthermore, the hypercalcemia of (11.1 mg/dl), and her dual-energy X-ray absorptiometry (DEXA) scan showed bone mineral density 

(BMD) of -2.6 SD. Low levels of PTH induces a state of low turnover bone disease. Numerous, factors are involved in this process in patients 

with ESRD on dialysis. Among these factors are the use of vitamin D analogs, the ill-effects high calcium baths, treatment of osteoporosis 

with bisphosphonates, etc. All these factors can singly or in combination suppress PTH and render the bone resistant to its action with the 

end results of a dynamic bone disease.  The vitamin D analogs were stopped to allow recovery of the PTH and activation of the osteocytes 

and osteoblasts. Six months after stopping active vitamin D analogs, her hypercalcemia was resolved, and the PTH increased to 172 ng/dl. 

Her bone pain has resolved.  
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INTRODUCTION 

Adynamic bone disease is a group of renal osteodystrophy 

(ROD) trait by decreased osteoblasts and osteoclasts 

activities, osteoid bone accumulation, and markedly reduced 

bone turnover [1-3]. It has been reported in a relatively high 

percentage of patients on dialysis but also has been reported 

in patients with CKD on conservative treatment. The clinical 

and histological picture of ABD is generally related to low 

levels of PTH relative to what is expected in patients with 

CKD. The low PTH levels induce a state of low turnover bone 

disease [4, 5]. Numerous factors are theoretically account for 

skeletal resistance to PTH, which can slow down bone 

turnover. Among these factors are the downregulation of PTH 

receptors in osteocytes, increased osteoprotegerin levels, 

decreased production of circulating levels of bone 

morphogenetic proteins, peripheral effects of leptin, and the 

effects of increased N-terminal truncated PTH molecular 

species. These factors have been implicated in counteracting 

the positive effects of the whole PTH molecule, PTH 1-84, 

on bone. However, the prevention and management of CKD 

in both men and women presented a significant breakthrough 

and is considered essential in society. The renal function test 

may decrease the burden of CKD, which accounted for 85%, 

15% of agreed and disagreed. 

  

Case History 
A 74-year-old Caucasian female, nursing home resident. She 

has a history of chronic kidney disease stage-4 with an 

estimated GFR of 29ml/min, type 2 diabetes mellitus, 

hypertension, hyperuricemia, and atrial fibrillation on 

warfarin 5mg per day. Physical examinations were 

unremarkable except for atrial fibrillation and generalized 

muscle weakness (Table 1). 

 

Table 1. Show some of the patient’s biochemical data 

Data Value/unit 
WBC 

RBC 

Hgb 

Hematocrit 

MCV 

MCH 

MCHC 

Platelets 

PTH-Intact 

Albumin 

4.4ul 

4.52ul 

11.9 g/dl 

37.7% 

83.4fL 

26.4pg 

31.6 g/dl 

207,000 

<6 pg/mL 

3.6 g/dl 
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Calcium 

CO2 

Cl 

Creatinine 

Glucose 

Phosphorus 

K 

Na 

Urea N 

eGFR 

Total-Vit D 

11.1 mg/dl 

26 mmol/L 

103 mmol/L 

1.8 mg/dl 

107 mg/dl 

3.8 mg/dl 

3.9 mmol/L 

138 mmol/L 

43 mg/dl 

29.3 mL/min 

16ng/mL 

WBC– white blood cell count; RBC– red blood cell count; PTH– parathyroid hormone; 

CO2– total carbon dioxide; Cl– chloride; K: potassium; Na – Sodium; BUN – blood 

urea nitrogen; eGFR – estimated glomerular filtration rate 

 

RESULTS AND DISCUSSION  

Chronic kidney disease (CKD) is often related to disorders of 

mineral and bone metabolism (CKD-BMD). These disorders 

are collectively known as renal osteodystrophy (ROD). CKD-

BMD is also associated with abnormalities of cardiovascular 

structure and function.  

 

Bone is now considered an endocrine organ that plays an 

active role in the metabolic abnormalities in cardiovascular 

complications commonly encountered in CKD patients [6]. 

KDIGO recommended the term CKD-BMD as a broader 

expression of systemic disorders resulting from CKD [1, 7].  

CKD-BMD may be manifested as one or more of the 

following:  

• Abnormalities of calcium, phosphorus, parathyroid 

hormone (PTH), or vitamin D metabolism.  

• Abnormalities of bone turnover, mineralization, linear 

volume growth, or strength.  

• Vascular of another soft-tissue calcification.  

 

The diagnosis of CKD-BMD rests on bone biopsy, which 

might show osteitis fibrosa cystica, adynamic bone disease, 

osteomalacia, or mixed lesion. However, a bone biopsy is 

rarely used in the diagnosis because of the invasive nature of 

the procedure.  

 

ABD is an effective form of ROD in both peritoneal (PD) and 

hemodialysis (HD) patients, specifically diabetic patients [8-

13]. The disease is characterized by low bone turnover and 

thin osteoid seams, decreased cellularity, and minimal bone 

marrow fibrosis. These changes occur in the absence of 

aluminum overload [14]. 

 

The prevalence of ABD has increased recently relative to 

other forms of ROD, with variation based on geographic 

region [9, 10, 15, 16]. In a study conducted by the KDIGO 

work group between 1983 and 2006, the prevalence of ABD 

was 18% in CKD stages 3-5, 19% in hemodialysis patients, 

and 50% in PD patients [7]. It is evident from this report that 

ABD is replacing osteomalacia and SHPT [2, 8, 11, 13, 15, 

17-20]. In other studies, the prevalence of ABD in 

hemodialysis patients was reported to be as high as (58 to 

59%), [21, 22].  

 

The risk factors for ABD incorporate the calcium-containing 

phosphate binders use [13, 15], high dialysate calcium [23], 

and the use of active vitamin D analogs [24, 25]. Increasing 

age and diabetes are also contributing factors [16].  

 

Targeting higher PTH levels and using non-calcium-

containing phosphate binders and calcimimetic agents as 

recommended by the KGIGO group to curtail the occurrence 

of ABD. This may result in the resurgence of the formerly 

predominant bone lesions of osteitis fibrosa [26, 27]. 

 

ABD is characterized by low or absent bone formation 

associated with thin osteoid seams, decreased cellularity, and 

minimal myelofibrosis. This means that bone turnover is 

markedly reduced with a lack of osteoblasts and osteoclasts 

activities. The principal factor underlying ABD is either over-

suppression of PTH release, which may be induced by high 

doses of vitamin D analogs, calcium-based phosphate 

binders, and bisphosphonate agents [14, 16, 25, 28, 29], or 

resistance to PTH action on the bone [30, 31].  

 

Calcimimetics activate the calcium-sensing receptor (CaSR) 

on the parathyroid glands and indirectly suppresses PTH 

release, which may lead to reduced bone turnover. However, 

the use of Calcimimetics for 6-12 months in patients with 

SHPT decreases the bone formation rate and causes high-

turnover bone disease toward normal [32, 33]. Calcimimetics 

may also directly affect bone since bone cells express the 

CaSR and may have direct anabolic action on the bone [34]. 

 

The PTH levels in patients with ABD are low but higher than 

the upper limit of values in a healthy population. This 

indicates that resistance to the bone stimulatory effects of 

PTH may play a more prominent role since average 

concentrations of PTH have been shown to be inadequate for 

maintaining bone turnover [30, 31].  

 

A growing body of evidence suggests that ABD ensues in a 

substantial proportion of patients at the initial stages of CKD 

[18]. Uremic toxins such as indoxyl sulfate are blamed for 

inducing low bone turnover in the early stages of CKD. These 

uremic toxins lead to the repression of osteocyte signaling 

and increased Wnt antagonists to produce ABD [35-38]. 

 

ABD is primarily asymptomatic; however, some patients 

develop bone pain, mostly in the axial skeleton [39, 40]. 

Increased fracture risk due to impaired ability to repair micro-

damage and hypercalcemia have also been reported [16, 28]. 

The incidence of hip fracture increased to 13.9/1000 patient-

years [41]. Hypercalcemia may develop in ABD due to 

reduced bone uptake of calcium, especially if calcium 

carbonate is used for the treatment of SHPT [42].  

 

Vascular calcification may be observed in imaging studies 

[16, 28, 43] associated with increased mortality. Aortic 

calcification and stiffness are well-observed features in ABD 

[44].  
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The PTH levels of <195pg/dl, a value likely to be associated 

with ABD, predicted fracture risk [45, 46]. The diagnosis of 

ABD by bone biopsy remains the gold standard. But because 

of the invasive nature of bone biopsy, the procedure is rarely 

used to diagnose CKD-MBD. However, a high degree of 

suspicion of the ABD diagnosis can be inferred from low 

PTH levels, low bone-specific alkaline phosphatase (BSAP) 

levels, low biomarkers of bone turnover, e.g., serum C-

telopeptide crosslink (CTX), unexplained hypercalcemia, or 

bone imaging studies (e.g., DEXA) showing osteoporosis 

[47].  

 

Persistently low levels of PTH (<100pg/ml), especially if 

hypercalcemia is present, or in patients with CKD who are 

not on dialysis with a PTH level of <65pg/ml in the setting of 

treatment with active vitamin D analogs are indicators to the 

presence of ABD. 

 

In both dialysis and non-dialysis patients, PTH levels (100 to 

500pg/ml) are more difficult to interpret, and bone biopsy is 

recommended to prove the presence of ABD [47]. Patients 

with PTH levels >500pg/ml are unlikely to have ABD [48].  

 

In patients who have intermediate levels of PTH, symptoms 

of bone pain, unexplained hypercalcemia, and 

hyperphosphatemia, these constellations of symptoms are 

consistent with the diagnosis of ABD and should be treated 

as such [8]. In these cases, measurement of BSAP levels 

(>20ng/ml) virtually excluded the diagnosis of ABD, 

particularly if the PTH is >200pg/ml [49]. A bone biopsy is 

desirable if the diagnosis is still in doubt, especially for 

patients with low or borderline BSAP and PTH levels [27, 48-

51]. 

 

The initial treatment of ABD is to allow the PTH level to rise 

[8]. This can be achieved by using non-calcium-based 

phosphate binders, decreasing or stopping the active vitamin 

D analogs, lowering the dialysate calcium concentration, or 

combining the above [13, 52, 53]. Most patients do not have 

biopsy-proven ABD but rather have the diagnosis suggested 

by laboratory findings. The principles of therapy for ABD 

consist of the following. 

• Using non-calcium-containing phosphate binders may 

increase the bone formation rate [13]. 

• Stop the active vitamin D therapy from allowing the 

serum PTH concentration to increase [24, 25]. In CKD 

patients (creatinine clearance of 20-59 ml/min), the use of 

calcitriol versus placebo on bone histology showed that 

calcitriol decreased bone turnover, and ABD developed in 

80% of calcitriol-treated patients compared to placebo 

[54].  

• In the presence of low PTH levels, vitamin D analogs 

should be stopped [55].  

• In dialysis patients, using low calcium dialysate (2mEq/L) 

if PTH remained low despite switching to non-calcium 

phosphate binders and stopping the vitamin D analogs 

administration should be considered [23]. 

• The use of bisphosphonate in patients with ABD should 

be discouraged to avoid further suppression of bone 

turnover. This is because bisphosphonate accumulates in 

bone and inhibits osteoclasts, thereby exacerbating the 

ABD [56, 57].  

• The KDIGO guidelines state that for patients with CKD 

4-5 who have biochemical abnormalities of CKD-BMD 

and low bone mineral density (BMD) with or without 

fragility fractures, a bone biopsy should be done before 

treatment with antiresorptive agents is initiated [27].  

 

Monitoring of PTH levels, BSAP levels, serum calcium, 

phosphate, and 25-vitamin D during the treatment of ABD are 

recommended. Reversal of ABD is suggested by a 

progressive increase of PTH and BSAP levels and resolution 

of hypercalcemia. Reversal of ABD may take up to one year 

in some cases [13, 23].  

 

The use of anabolic agents, such as teriparatide (PTH-1-34) 

and abaloparatide (PTH-related peptide (PTHrP) analog, may 

benefit patients with ABD. FDA approves both these agents 

for the treatment of postmenopausal osteoporosis but not for 

ABD. Teriparatide stimulates the osteoblasts and osteoclasts, 

which may result in increased bone turnover in patients with 

ABD [58-62]. Use of subcutaneous injection of teriparatide 

in ABD patients resulted in the resolution of bone pain and 

prevented further fractures [58, 59, 62]. However, more 

extensive studies are needed to demonstrate the efficacy and 

safety of this agent in patients with ABD. 

 

CONCLUSION 

ABD should be considered a skeletal disorder caused by 

SHPT overtreatment, rather than as a disease entity. 

Nevertheless, the occurrence indicates that the accumulation 

of uremic toxins and overuse of the vitamin analogs in SHPT 

impairs the ability to maintain healthy normal bone turnover. 

These toxins cause PTH levels to decrease beyond what is 

recommended by KDIGO for the level of CKD. These levels 

of PTH would be considered high in patients without kidney 

disease but not in CKD patients. Bone pain, hypercalcemia, 

low PTH levels, and low BSAP point to the diagnosis of 

ABD, especially if the patient is on vitamin D analogs. 
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