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Chronic kidney disease-mineral bone

disorder

ABSTRACT

Chronic kidney disease-mineral bone disorder is typically seen in patients with advanced chronic
kidney disease. It is managed primarily by renal physicians, but non-renal physicians are also
likely to encounter patients undergoing treatment for this condition in both inpatient and outpatient
settings so a basic understanding of the principles may be helpful. This article covers the
fundamentals of the pathophysiology, diagnosis and treatment of chronic kidney disease-mineral

bone disorder.

hronic kidney disease-mineral bone

disorder encompasses a collection

of mineral bone pathologies that

occur in people who have chronic

kidney disease. While biochemical
abnormalities start to be detected as the
estimated glomerular filtration rate falls
below 30 ml/min/1.73 m?, and particularly
when the estimated glomerular filtration
rate is less than 20 ml/min/1.73 m2,
pathological changes can start as early as
when the estimated glomerular filtration
rate is between 60 and 89 ml/min/1.73 m?
(chronic kidney disease stage 2).

The management of chronic kidney
disease-mineral bone disorder is undertaken
by nephrologists and renal dieticians in a
specialist setting. Nevertheless, clinicians
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across many other specialties will care
for patients who are receiving treatment
for chronic kidney disease-mineral bone
disorder. Thus, an understanding of the
principles of this disorder will be helpful for

the non-renal clinician.

Chronic kidney disease-mineral

bone disorder: pathophysiology

The drivers of chronic kidney disease-
mineral bone disorder are increased levels
of fibroblast growth factor 23 (FGF23),
parathyroid hormone and phosphate, and
decreased levels of active vitamin D and
calcium (Figure I). There is still debate on the
chronology of changes, although it appears
that the sequence of events that lead to
chronic kidney disease-mineral bone disorder
begins with increasing production of FGF23
(Quarles, 2008). It is unclear what stimulates
its production in patients with chronic

kidney disease, but it can be affected by levels
of phosphate, calcium, parathyroid hormone
and calcitriol (1,25(OH)2D, active vitamin
D), and is found at significantly elevated
levels in patients with chronic kidney disease.

FGF23 inhibits phosphate reabsorption
within the renal tubule, initially overcoming
the tendency to reduced renal phosphate
excretion that results from reduced nephron
numbers. This hormone also acts to suppress
calcitriol production in the kidney. A lower
calcitriol level and elevated FGF23 level
both lead to increased parathyroid hormone
secretion and reduced serum levels of
calcium. The net effect of these changes is
to reduce absorption of phosphate from the
gut and increase phosphate excretion within
the urine (Bergwitz and Jiippner, 2010),
alongside increased calcium resorption from
the bone. While this protects the body from
the adverse effects of hyperphosphataemia,
it comes at the expense of the damaging
effects of hyperparathyroidism on bone (the
‘trade-off’ hypothesis — Figure 2) (Gutiérrez,
2010).

Broadly, two interchangeable states
are identified in chronic kidney disease-
mineral bone disorder: increased turnover
bone disease and adynamic bone disease.
High turnover bone disease, driven by
secondary hyperparathyroidism, leads
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Figure 1. The sequence of events occurring in chronic kidney disease-mineral bone disorder.
FGF23 = fibroblast growth factor 23; PTH = parathyroid hormone.
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Figure 2. The pathophysiology of chronic kidney disease-mineral bone disorder.

CASE STUDY

A 36-year-old woman presented to the
medical admissions unit with lethargy and
shortness of breath. There was no past medical
history available since she has just moved
to the UK from sub-Saharan Africa and a
translator had not yet been located. Physical
examination demonstrated a right radiocephalic
arteriovenous fistula. Her serum urea level
was 16.0 mmol/litre and creatinine level was
748 pmol/litre. It was concluded that she was
being treated with haemodialysis.

Blood tests (7able 7) demonstrated
significantly elevated alkaline phosphatase
and parathyroid hormone levels. She was
hypocalcaemic and hyperphosphataemic —
consistent with poorly controlled secondary

Table 1. Biochemical profile
Bone profile Measurements

Adjusted calcium  1.98 mmol/litre (2.20—2.60)

Phosphate 1.88 mmol/litre (0.80—1.50)
Albumin 34 g/litre (35-50)

Alkaline 966 unit/litre (30—130)
phosphatase

Parathyroid 287 pmol/litre (1.1-6.4)
hormone

Normal ranges in brackets

to the changes seen in the Case study of
Brown tumours and ‘rugger-jersey’ spine.

hyperparathyroidism.

Radiographs of her pelvis and lumbar
spine are shown in Figures 3 and 4. Her pelvis
demonstrates a poorly healed left femoral neck
fracture. Her lumbar spine shows an alternating
sclerotic-lucent-sclerotic appearance (reflecting
increased osteoclastic and synthetic activity);
the so-called ‘rugger-jersey’ spine. A computed
tomography scan of her mandible shows
evidence of a Brown tumour on the right side
(Figure 5).

This degree of renal bone disease is rarely
seen in contemporary UK clinical practice,
but demonstrates the consequences of
unmanaged chronic kidney disease-mineral
bone disorder.

Figure 3. Pelvic radiograph showing a poorly
healed left femoral neck fracture (arrow).

Adynamic bone disease is characterized
by markedly low bone turnover. A poorly
understood process, treatments which lower
parathyroid hormone levels may contribute
to this state, hence reducing parathyroid

Figure 4. Lumbar spine radiograph showing
alternating sclerotic-lucent-sclerotic
appearance.

DN

Figure 5. Cone beam computed tomography of
the mandible showing a Brown tumour on the
right side (arrow).

hormone levels to normal ranges is not
recommended in patients with chronic
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Figure 6. Calciphylaxis affecting the lower
limbs.

kidney disease-mineral bone disorder. Both
high turnover and adynamic bone disease
predispose to fractures — the incidence of
hip fractures is fourfold higher in dialysis
patients than the general population (Alem
et al, 2000).

Risk of cardiovascular disease
in patients with chronic kidney
disease-mineral bone disorder
The purpose of managing chronic kidney
disease-mineral bone disorder is two-fold:
to protect the bones and to limit the adverse
effects of bone mineral disturbances on the
cardiovascular system. Elevated FGF23,
parathyroid hormone and phosphate levels,
and decreased calcitriol levels have all been
linked to increased risk of cardiovascular
disease (Palmer et al, 2011; Arnlév et al,
2013). In patients with advanced chronic
kidney disease, vascular smooth muscle cells
can undergo transition to an osteoblastic
phenotype, resulting in vascular medial
calcification, stiffening of arteries, increased
systolic blood pressure, left ventricular
hypertrophy and reduced coronary filling
(London, 2002). Hyperphosphataemia is
considered a driver of this process and in
animal models of chronic kidney disease
lowering phosphate levels attenuates this
pathology (Shobeiri et al, 2010). While
there is limited trial evidence that phosphate
control leads to improved outcomes in
cardiovascular disease (Navaneethan et
al, 2009), observational data are highly
supportive of this (Eddington et al, 2010).
Calciphylaxis (Figure 6) is a consequence of
vascular calcification occurring at the level of
the arterioles. Extensive calcification impairs
microvascular blood flow, causing ischaemia
and skin necrosis. It is an extremely painful

condition and is frequently complicated
by infection. The presence of calciphylaxis
carries a poor prognosis (Mazhar et al, 2001).
Warfarin is a risk factor for its development
because it reduces the activity of the vitamin
K-dependent calcification inhibitor matrix
Gla protein (Nigwekar et al, 2015). This
is one reason for caution when prescribing
warfarin for patients with end-stage renal
disease.

Diagnosing chronic kidney disease-
mineral bone disorder
Although interventions are required mainly at
an estimated glomerular filtration rate below
20 ml/min/1.73 m?, it is recommended that
testing for chronic kidney disease-mineral
bone disorder begins when estimated
glomerular filtration rate falls below 60 ml/
min/1.73 m? (the cut off for chronic kidney
disease stage 3a) (Ketteler et al, 2017).
Assessment of chronic kidney disease-
mineral bone disorder is based on identifying
abnormalities of serum calcium, phosphate,
25(OH) vitamin D, and parathyroid
hormone (Figure 1). FGF23 is not currently
routinely measured in clinical practice.
Bone mineral density testing is not
typically used in the investigation of patients
with chronic kidney disease-mineral bone
disorder. Bone biopsy is the gold standard
for defining the nature of renal bone disease
(particularly to distinguish increased bone
turnover and adynamic bone disease),
but because of its invasive nature is rarely
performed in clinical practice.

Treating chronic kidney disease-
mineral bone disorder

Treatment aims to limit biochemical
disturbances in calcium, phosphate and
parathyroid hormone without necessarily
returning parameters to their normal healthy
ranges. Treatment should be based on the
serial measurement of these parameters to
determine the trend of the results rather than
on one single reading.

In non-dialysis patients with chronic
kidney disease stage 35, the aim should
be to maintain serum phosphate levels
within the normal range. In dialysis
patients, the treatment goal for limiting
hyperphosphataemia is a pre-dialysis
serum phosphate level between 1.1 and
1.7 mmol/litre.

The optimal parathyroid hormone
target in non-dialysis patients with chronic
kidney disease stage 3-5 is not known.
However, it is suggested that patients
with levels of parathyroid hormone which
are progressively rising or persistently
elevated be evaluated for modifiable factors
including high phosphate intake and
vitamin D deficiency. For dialysis patients
it is recommended that the parathyroid
hormone level be maintained between two
and nine times the upper limit of normal
(Ketteler et al, 2017), because it is believed
that lowering parathyroid hormone values
to the normal range can increase the
incidence of adynamic bone disease.

Hyperphosphataemia is addressed
through dietary phosphate restriction and

Ergocalciferol: vitamin D,

Cholecalciferol: vitamin D3

Source: plants and
supplements

Source: sunlight and meats
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Figure 7. The process of vitamin D activation.
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CURRICULUM CHECKLIST

This article addresses the following

requirements from the general internal

medicine training curriculum

B Managing patients in an outpatient
clinic, ambulatory or community setting
(including management of long term
conditions)

B Managing medical problems in patients
in other specialties and special cases.

phosphate binders. Phosphate binders are
given with food to reduce gut phosphate
absorption. These may be calcium-based
(calcium acetate and calcium carbonate) or
non-calcium-based (sevelamer, lanthanum,
iron-based, magnesium preparations, or
aluminium hydroxide).

To
alfacalcidol may be used. This is 1-alpha

control hyperparathyroidism,
hydroxylated vitamin D (i.e. bypassing
the need for 1-alpha hydroxylation in the
kidney) that is activated to calcitriol in
the liver (Figure 7). Calcitriol suppresses
parathyroid hormone production, but
also increases the intestinal absorption of
calcium and phosphate. Thus hypercalcaemia
and hyperphosphataemia may limit its
use. In these circumstances, cinacalcet
(a calcimimetic) may be used or, should
medical treatment fail, parathyroidectomy
may be needed.

Although the process of converting
25(OH) vitamin D to active vitamin D is
inhibited by FGF23 in people with chronic
kidney disease, normalizing 25(OH) vitamin
D levels is still recommended. This is because
1-alpha hydroxylation may take place in
tissues outside the kidney and calcitriol may
have important local tissue actions. Therefore
vitamin D deficiency and insufficiency should
be corrected using treatment strategies as for
the general population (Ketteler et al, 2017).

Managing osteoporosis in chronic
kidney disease
In patients with chronic kidney disease who
have an estimated glomerular filtration rate
above 30 ml/min/1.73 m? and osteoporosis,
treatment is typically instigated as for the
general population (Ketteler et al, 2017).
Below an estimated glomerular filtration
rate of 30 ml/min/1.73 m?, bisphosphonates
are contraindicated. This is because
bisphosphonates work by suppressing bone

What You Need To Know About IS

turnover (inhibiting osteoclastic activity)
and in patients with chronic kidney disease-
mineral bone disorder this can lead to a state
of adynamic bone disease (Toussaint et al,
2009).

Denosumab, a monoclonal antibody, may
be a preferred option in treating osteoporosis
in patients with chronic kidney disease,
although it is associated with hypocalcaemia
and is used for short periods of time only
(Ketteler et al, 2017).

Conclusions

The management of renal bone disease is
complex, requiring multidisciplinary efforts
including renal physicians and dieticians.
Regular monitoring in a specialist setting is
required for the expert management of such
patients. BJHM
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