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Secondary hyperparathyroidism develops relatively early in chronic kidney disease as a consequence of impaired phosphate, calcium, and vitamin D homeostasis. The disease state in chronic kidney disease, which includes the histologic features
of bone disease, defined as renal osteodystrophy, and the hormonal and biochemical disturbances, have recently been
redefined as a disease syndrome and is referred to as “chronic kidney disease–mineral and bone disorder.” As chronic kidney
disease progresses, specific histologic disturbances in the bone develop, which may or may not be predictable from the
biochemical and hormonal changes that are associated with chronic kidney disease. In addition, patients may have had
underlying bone disease before developing kidney failure or may have been treated with agents that will alter the classical
pathologic findings of the bones in chronic kidney disease and their relation to parathyroid hormone. Thus, in stage 5 chronic
kidney disease, bone biopsy with quantitative histomorphometric analysis is considered the gold standard in the diagnosis
of renal osteodystrophy. In contrast to stage 5 chronic kidney disease, there are very few data on the histologic changes in bone
in earlier stages of chronic kidney disease. There also is no adequate information on the etiopathogenesis of bone disease in
stages 3 and 4 chronic kidney disease. Thus, because biochemical data cannot predict bone pathology in stages 3 and 4 chronic
kidney disease, bone biopsy should be used to define these bone changes and to allow appropriate therapeutic approaches.
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P

atients with chronic kidney disease (CKD) have complex abnormalities in bone and mineral metabolism
(1– 4). In addition, patients may have other bone diseases before developing kidney failure (e.g., osteoporosis, vitamin D deficiency, steroid-bone disease), which may respond
differently to the abnormalities of mineral metabolism that are
associated with CKD. Thus, the pathologic findings in bone
may not be predicted by routine biochemical testing or bone
densitometry. Bone biopsies are performed to understand the
pathophysiology of bone disease and to relate histologic findings to the clinical symptoms and biochemical disorders that
are associated with CKD. In addition, bone biopsies have been
helpful in determining the clinical course and response to treatment. In stage 5 CKD, bone biopsy with quantitative histomorphometric analysis has become the gold standard in the diagnosis of renal osteodystrophy. In contrast to stage 5 CKD, the
role of bone biopsy in earlier stages of CKD, in particular stage
3 or 4, is not well defined. This article focuses on the role of the
bone biopsy in stages 3 and 4 CKD.

Role of Bone Biopsy in Stage 5 CKD
In stage 5 CKD, the established positive correlation between
bone turnover determined by histomorphometric analysis as a
function of bone formation rate or activation frequency (5) and
serum parathyroid hormone (PTH) concentration has enabled
the use of PTH as a marker of bone turnover for diagnosing and
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monitoring therapy of hyperparathyroid bone disease; however, the implementation of various treatment strategies directed to reducing PTH concentrations has resulted in disruption of the relationship between bone turnover and PTH (6),
such as aluminum hydroxide, which directly suppresses bone
metabolism by three major mechanisms: (1) Inhibition of hydroxyapatite formation and growth, (2) inhibition of bone cell
proliferation, and (3) suppression of bone cell activity. These
deleterious effects lead to inhibition of bone mineralization,
resulting in osteoid accumulation (osteomalacia), decreased
bone formation, and bone turnover independent of its effect on
PTH (7–10). Similarly, the use of calcium-based phosphate
binders may affect bone metabolism. They adversely affect the
osteoblastic and osteoclastic number and activity by a mechanism that is independent of the PTH concentrations, leading to
low-turnover bone that differs from that caused by aluminum
by the absence of osteomalacia (11,12). The use of active vitamin D compounds, particularly the intermittent administration
of relatively high dosages of calcitriol, corrects some of the
histologic features of hyperparathyroid bone disease, but a
substantial proportion of these patients may also develop adynamic bone disease despite persistently elevated PTH levels
(13,14). This loss of correlation between PTH concentrations
and bone turnover has rendered the use of PTH as a definitive
marker for the determination and monitoring of renal bone
disease less than ideal.
The spectrum of bone disease observed in CKD–mineral and
bone disorder ranges from high-turnover bone disease, classically represented by increased bone formation rate (BFR), increased osteoblastic/osteoclastic activity and number, reduced
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osteoid volume, and high peritrabecular fibrosis surface area, to
low turnover lesions, whereby low BFR is generally defined as
being equal to or below the lower value observed in normal
individuals. The most representative forms of low-turnover
bone disease are osteomalacia, defined as markedly increased
osteoid volume and thickness with decreased fibrosis, and adynamic or aplastic bone disorder, characterized by paucity of
bone cells with severely reduced osteoid seams and absence of
fibrosis. Between these extremities is the so-called mixed uremic osteodystrophy, which includes findings of increased osteoid volume and fibrosis surfaces and may present with different degrees of BFR that vary from high to normal and low
(4). Specifying the BFR value is of extreme importance when
authors report on mixed uremic osteodystrophy, because this
disorder may belong to low or high bone turnover depending
on the value of BFR. This also creates difficulties in interpreting
the correlation of the different forms of renal bone disease with
the PTH levels (6). Consequently, histomorphometric analyses
have become indispensable in many patients with stage 5 CKD
in which the bone status is affected by different treatment
modalities and no longer correlates with the circulating PTH
levels.

Pathogenesis of Bone Disease in Early
Stages of CKD
In the earlier stages of CKD, little is known about changes in
bone metabolism and the effect of disturbed mineral metabolism on bone histology. In the incipient stages of CKD, normal
or mildly elevated PTH concentrations have until recently seldom resulted in therapy and thus may have mitigated the
demand for bone biopsy; however, it has become evident that
disturbances in bone metabolism presents very early in CKD.
Humoral factors that usually are involved in the maintenance
of normal bone homeostasis are perturbed as soon as the GFR
drops below 60 to 70 ml/min (15). An increase in the fractional
excretion of phosphate is the first disorder to develop to maintain normal serum phosphorus concentrations. Phosphorus
regulation is mediated by increased secretion of phosphaturic
hormones such as PTH and fibroblast growth factor 23 (FGF-23)
and decreased production of calcitriol (16,17). Serum FGF-23
levels increase as soon as the GFR decreases below 60 ml/min,
before the development of hyperphosphatemia and hyperparathyroidism (18). Additional studies have shown that the maximal tubular reabsorption of phosphate negatively correlates
with serum concentrations of FGF-23 in stage 3 CKD, whereas
in advanced CKD, this correlation is mitigated (18,19). Nevertheless, the increased FGF-23 further aggravates calcitriol deficiency by directly inhibiting the renal 1␣-hydroxylase activity
(19).
Both FGF-23 and calcitriol are important regulators of bone
homeostasis. Calcitriol and its receptor, the vitamin D receptor
(VDR), are critical for normal bone metabolism, because appropriate activation of the VDR is necessary for normal osteoblastic
bone formation and osteoclastic bone resorption, as well as for
the coupling of osteoblastic and osteoclastic activity (20).
FGF-23 overexpression is associated with severe skeletal phenotype characterized by disturbed mineralization process and
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growth plate architecture; however, they could not differentiate
between local skeletal action and systemic effects of FGF-23
(21). In addition, recently published data suggested that FGF-23
is a negative regulator of PTH mRNA expression and secretion
in vitro (22). Thus, a possible association of high FGF-23 with
low PTH and calcitriol concentrations coupled with downregulation of the VDR may adversely affect bone metabolism, resulting in impaired bone turnover in the early CKD stages. This
speculation requires further validation.

Bone Histology in Early CKD
The available data on bone histology in patients with stages
3 and 4 CKD are summarized in Table 1. The lesions reported
include a wide spectrum of histologic combinations characterized by low, normal, or high bone turnover. A substantial
number of patients with increased bone turnover featuring
hyperparathyroid bone lesions have been reported during the
1980s and early 1990s. In contrast, the limited data that have
become available in the past decade suggest that low-turnover
bone disease seems to be increasing (23–32). Most of the studies
that reported on predominantly high-turnover bone included
predialysis patients with advance renal failure, shortly before
the initiation of dialysis, whereas studies that reported on the
prevalence of low-turnover bone included patients predominantly with mild to moderate kidney disease, and those with
severe kidney disease were in the minority (5,28,29,31,32). Apparently, this shift does not seem to be the consequence of
treatment differences, because most of the patients received
calcium-based phosphate binders and did not receive vitamin
D compounds. Unfortunately, the studies are not comparable,
because there was great variability with regard to genetic,
dietary, and ethnic factors, as well as with regard to criteria
used to recruit patients and with underlying disease. Coen et al.
(29) looked for the correlation between the degrees of GFR
impairment, as estimated from the serum creatinine, and the
bone turnover rate and revealed that low-turnover bone
(mainly aplastic bone disorder) was observed predominantly in
patients with higher GFR and lower PTH levels, whereas highturnover lesions became evident as the GFR dropped and PTH
levels increased significantly. Most of these studies showed that
PTH was a poor predictor of bone turnover (29 –32).
These findings suggest that low-turnover bone might represent the early presentation of renal osteodystrophy in incipient
stages of CKD. This increased prevalence of low-turnover bone
disease could result from an unbalanced effect between bone
anabolic and suppressive agents. Mostly low calcitriol/VDR
and normal PTH concentrations but also gonadal hormone
deficiency, presence of diabetes, and aging could account for
the missing bone anabolic agents in early CKD that leave the
effect of suppressive agents unopposed. Whether increased
FGF-23 level plays a role in this metabolic unbalance has to be
verified. In advanced CKD, as kidney function continues to
deteriorate, both the calcitriol/VDR deficiency and the development of hyperphosphatemia contribute to the development
of hyperparathyroidism and high-turnover bone lesion.
Standardized evaluation of biochemical data and characterization of the bone histology by bone biopsy with histomor-
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Table 1. Bone biopsies results in predialysis patientsa
No. of
Patients

Reference

SHPTH
(%)

MHPTH
(%)

OM
(%)

Eastwood et al., 1982 (23)
Mora Palma et al., 1983 (24)
Dahl et al., 1988 (25)
Hutchinson et al., 1993 (26)
Hernandez et al., 1994 (27)

38
327
60
30
92

86.8
54.0
80.0
27.0
57.4

23.0
23.0

44.7b
34.0
1.6
7.0
11.0

Torres et al., 1995 (28)

38

30.0

10.0

2.0

Hamdy et al., 1995 (15)
Coen et al., 1996 (29)

87 placebo
89 vitamin D
76

71.0
75.0
2.7

Shin et al., 1999 (30)
Ballanti et al., 2001 (5)

58
27

8.6
8.0

Spasovski et al., 2003 (31)

84

9.0

36.2

MBD
(%)

AMBD
(%)

13.0

ABD
(%)

Normal
Bone
(%)

NA
NA
NA
27.0

10.2
12.0
11.0

10.0

48.0

1.0
0.0
9.0

20.0
18.0
34.2

28.0

3.0
7.0
11.8

10.0
11.0

12.0
34.0

24.1
26.0

8.6

26.0
18.0

23.0

38.0

12.0

13.0

Treatment
No vitamin D
NA
NA
CaCO3 2 to 10 g/d
No vitamin D
CaCO3
No vitamin D
CaCO3
CaCO3 3 to 8 g/d
No vitamin D
No CaCO3
NA
No vitamin D
No CaCO3
CaCO3 0.5 g/d
No vitamin D

a

ABD, adynamic bone disease; AMBD, advanced mixed bone disease; MBD, mixed bone disease; MHPTH, mild
hyperparathyroidism; NA, not available; OM, osteomalacia; SHPTH, severe hyperparathyroidism.
b
Percentage of patients with SHPTH also had OM.

phometric analysis would enable a better understanding of the
bone and mineral pathophysiology that develops in the earlier
stages of CKD. Furthermore, this information would be critical
in determining appropriate treatment protocols. Considering
the possible pathophysiologic process described, in the earlier
stages of CKD, administration of vitamin D or other VDR
activators may exert a beneficial anabolic effect on bone by
increasing the expression of the VDR on bone cells and anabolic
activity of these cells (33,34). As such, administration of calcitriol in low dosages to predialysis patients was demonstrated to
ameliorate not only the renal bone lesions of high-turnover
osteodystrophy but also lesions of low-turnover disease (15,35–
38). Thus, vitamin D replacement at this stage might act as an
anabolic agent and improve bone metabolism when administered at physiologic dosages. Furthermore, early treatment with
VDR activators could prevent parathyroid hyperplasia and the
development of skeletal resistance (39 – 41). Whether the lowturnover bone lesion in the early stages of CKD differs from its
counterpart in the dialysis patient is an issue that has to be
clarified because different pathophysiologic mechanisms may
suggest that different therapeutic considerations are required.
Apparently, in incipient CKD, there might be a deficiency in
anabolic factors such as calcitriol/VDR and PTH supporting
low-turnover bone, whereas in advanced stages of CKD, lowturnover bone is mostly iatrogenic, as the result of pharmacologic dosages of calcitriol or other VDR agonists and the use of
high dosages of calcium-based phosphate binders and possibly
calcimimetics (2,40). Thus, patients with incipient kidney disease may benefit from small, physiologic dosages of vitamin D
compounds that could potentially prevent skeletal resistance to
PTH in the advance stages of CKD. This supposition requires
further study but would support the importance of performing
bone biopsies in patients with earlier stages of CKD.
In summarizing the existing data, it seems that 70 to 90% of

patients with stages 3 to 4 CKD present with bone lesions.
Hyperparathyroid bone disease is predominant in patients
with advanced CKD, whereas patients with incipient kidney
disease may present with low bone turnover; however, the data
are extremely limited, and there is great overlap between the
various forms of bone lesions at the different stages of CKD.
Because the early initiation of appropriate therapy may prevent
or ameliorate the bone disturbances that develop in late CKD,
the ability to define better the histologic abnormalities and the
pathophysiologic process underlying these bone abnormalities
would facilitate appropriate treatment decisions. Bone biopsies
with histomorphometric analysis should be performed using
standardized criteria as proposed by Kidney Disease: Improving Global Outcomes (KDIGO) (43). The data must be collected
and reported in relation to previous therapy; to the duration of
treatment; and to the biochemical changes in calcium, phosphorus, and PTH during the previous 6 to 12 mo. These therapies
include calcium and noncalcium binders, phosphorus restriction, vitamin D supplementation, calcitriol and other VDR agonists, bisphosphonates, steroids, and any other factor that is
known to affect the bone activity. Multicenter clinical trials
conducted in a unified program would provide a realistic answer to the definition of the bone abnormalities in these patients as well as to the appropriate therapeutic regimen.
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