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Abstract

Purpose of Review To review the differential diagnosis of low bone mineral density (BMD).

Recent Findings Osteoporosis is the most common cause of low BMD in adults; however, non-osteoporotic causes of low BMD
should be considered in the differential diagnosis of patients with low BMD. Mild osteogenesis imperfecta, osteomalacia, and
mineral and bone disorder of chronic kidney disease as well as several other rare diseases can be characterized by low BMD.
Summary This review summarizes the differential diagnosis of low BMD. It is important to differentiate osteoporosis from other
causes of low BMD since treatment regimens can vary tremendously between these different disease processes. In fact, some
treatments for osteoporosis could worsen or exacerbate the mineral abnormalities in other causes of low BMD.
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Introduction

The International Society For Clinical Densitometry (ISCD)
recommends testing for bone mineral density (BMD) using
dual-energy x-ray absorptiometry (DXA) in all women aged
65 and older, younger post-menopausal women, and during
menopausal transition in those with risk factors, men aged 70
and older, younger men with risk factors, and in all adults with
history of fragility fracture or condition associated with low
bone mass. Osteoporosis is the most common cause of low
bone mass.
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The World Health Organization (WHO) defines osteoporosis
in post-menopausal white women without a previous history of
fragility fracture as a bone mineral density (BMD) T-score at the
spine, hip, or forearm of —2.5 or less [1]. While originally de-
scribed to include only post-menopausal white women, the
WHO definition of osteoporosis has been extrapolated to include
men older than age 50 [2]. The definition of osteoporosis in
premenopausal women and men younger than age 50 in the
absence of fragility fracture(s) is not well-established but is con-
sidered in patients with BMD Z-score <—2.0 [3]. However, as
clinicians, we need to remember that diagnosis of the underlying
medical condition is not simply based on the results of a diag-
nostic test but the complete clinical presentation. In practice, we
not so uncommonly encounter patients who have a BMD mea-
surement that meets the definition of osteoporosis, but an alter-
nate diagnosis better describes the patient’s condition. The aim of
this paper is to review the differential diagnosis of low bone
mineral density (Table 1). We do not intend to review the causes
of secondary osteoporosis such as hypogonadism, Cushing’s
syndrome, nutritional disorders, drugs, and steroid-induced oste-
oporosis in this paper.

Osteomalacia

Reduced bone mineral density is characteristic of osteomala-
cia, although not necessary for diagnosis [4, 5]. It is crucial to
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differentiate low bone density due to osteomalacia from that
due to osteoporosis as the treatment regimens differ greatly.
Treatment of osteomalacia varies based on the underlying
cause. While we will not review treatment strategies here, it
is important to note that bisphosphonates, denosumab,
teriparatide, and other medications for osteoporosis are not
appropriate treatments for osteomalacia, and in some cases,
could exacerbate the underlying abnormalities of mineral
homeostasis.

Osteomalacia is a disorder in which newly formed osteoid
at the site of bone turnover is not properly mineralized. It can
occur in adults or children, whereas rickets, the defective min-
eralization of cartilage in the epiphyseal growth plates, occurs
only in children who have open growth plates [6].
Osteomalacia can be the result of an inherited genetic disease
or an acquired disease. One main mechanism of osteomalacia
is hypophosphatemia [7], typically due to loss of phosphate in
the urine. In this section, we will group causes of osteomalacia
into those mediated by parathyroid hormone (PTH) such as
vitamin D deficiency; those mediated by fibroblast growth
factor 23 (FGF23) such as X-linked hypophosphatemic rick-
ets (XLH), autosomal dominant hypophosphatemic rickets
(ADHR), and autosomal recessive hypophosphatemic rickets
(ARHR); or those driven by renal-dependent loss of phos-
phate such as hereditary hypophosphatemic rickets with hy-
percalciuria (HHRH) or Fanconi syndrome [7]. (Table 2)

Presentation and Diagnosis

Osteomalacia can be asymptomatic or patients can present
with symptoms such as bone pain, muscle weakness, frac-
tures, and impaired gait [4, 8]. Patients may present with
low bone mineral density on DXA, but it is important to note
that the presentation on DXA can be extremely variable. For
instance, BMD of the lumbar spine can even be higher in XLH
patients as compared to age- and sex-matched controls [9, 10].

The diagnosis of osteomalacia is typically based on clinical
symptoms and findings on laboratory and radiologic studies.
While bone biopsy after double tetracycline labeling is the
best diagnostic tool to confirm osteomalacia, this invasive
procedure is rarely necessary.

Laboratory findings of osteomalacia are dependent on the
underlying cause of the disease. Some common findings in-
clude elevated alkaline phosphatase, fibroblast growth factor
23 (FGF23), and parathyroid hormone and decreased serum
calcium and phosphorous [4]. The most common radiological
findings are reduced BMD with a thin cortex. Vertebral bodies
can soften, leading to large, biconvex vertebral disks and con-
cave vertebral bodies called codfish vertebrae. Looser zones
refer to lucent lines 2—5 mm in width which form perpendic-
ular to the cortex and can be bilateral. In diagnostically chal-
lenging cases, bone biopsy can be performed. On bone biopsy
after double tetracycline labeling, osteomalacia is

characterized by osteoid thickness > 12.5 um and a minerali-
zation lag time of > 100 days [11].

PTH-Dependent Osteomalacia

The most common cause of osteomalacia is vitamin D defi-
ciency [12], specifically vitamin D deficiency due to dietary
insufficiency and/or lack of sun exposure. Malabsorption,
such as post-gastric bypass surgery or celiac sprue, is an im-
portant cause of vitamin deficiencies. Vitamin D is synthe-
sized in the skin after exposure to sunlight (vitamin D3) or
ingested as vitamin D2 or D3. Because of the risk of vitamin D
deficiency and nutritional rickets, vitamin D supplementation
is recommended for all infants until age 12 months [13].
Adequate vitamin D intake is also necessary for adults by
either diet or supplementation. Vitamin D is 25-hydroxylated
in the liver and 1,25-hydroxylated in the kidney to form the
active metabolite, 1,25-(OH),-vitamin Dj, or calcitriol.
Disorders of vitamin D metabolism include impaired 25-
hydroxylation or 1,25-dihydroxylation of vitamin D into its
active form due to liver or kidney illness respectively and
insensitivity to vitamin D due to hereditary diseases. Lack of
1,25-(OH),-vitamin D5 results in a decreased ability to absorb
calcium and phosphate, which can lead to secondary hyper-
parathyroidism. PTH action in the kidney at the PTH-receptor
leads to endocytosis of the renal phosphate transporter NPT2a,
and thus, loss of phosphate in the urine [14].

FGF23-Mediated Osteomalacia

FGF23 is a hormone which promotes phosphate excretion.
FGF23 is synthesized in osteoblasts and osteocytes [15], but
new evidence also supports FGF23 production from erythroid
progenitor cells in the bone marrow [16]. FGF23 binds to the
FGF1R with the cofactor klotho and decreases the expression
of NPT2a and NPT2c on the renal proximal tubule cell,
resulting in decreased reabsorption of phosphate and subse-
quent phosphate excretion in the urine. Additionally, FGF23
inhibits 1 alpha-hydroxylase and stimulates 25-vitamin D-24
hydroxylase leading to a decrease in active 1,25-(OH),-vita-
min Dj levels.

Diseases of FGF23 excess can be acquired or inherited.
Tumor-induced osteomalacia (TIO), an acquired disease of
FGF23 overproduction, is caused by a mesenchymal tumor
which secretes FGF23 autonomously and inappropriately giv-
en the level of blood phosphate [17]. Patients typically present
with muscle and bone pain and weakness, and laboratory
studies show low phosphate, renal phosphate wasting, and
evidence of osteomalacia. While the best test to confirm renal
phosphate wasting is tubular maximum reabsorption of phos-
phate to glomerular filtration rate (TmP/GFR), this test can be
difficult to perform and thus the tubular reabsorption of phos-
phate (TRP) can be used as a surrogate [17]. Patients also have
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a high or inappropriately normal FGF23 level. The tumors
responsible for FGF23 secretion can be very small and located
anywhere—making them notoriously difficult to find.
Functional imaging modalities such as Octreotide scanning
with ! In-labeled pentatreotide, FDG PET/CT, and (68Ga)
DOTATATE PET/CT have each been useful in identifying
these mesenchymal tumors. A recent study shows
DOTATATE PET/CT to be superior to FDG PET/CT [18,
19]. The best treatment for TIO is surgical removal of the
tumor with wide margins.

X-linked hypophosphatemic rickets (XLH) has a preva-
lence of 1 in 25,000, making it the most common inherited
renal phosphate wasting disorder [12, 20]. XLH is caused by
inactivating mutations in the PHEX gene on the X chromo-
some which encodes an endopeptidase [21], but the exact
mechanism by which PHEX interacts with FGF23 is un-
known. The clinical spectrum of XLH can be broad, but pa-
tients typically present very early in childhood.

Autosomal dominant hypophosphatemic rickets (ADHR)
is caused by a mutation in the FGF23 gene which decreases
cleavage of the protein into its inactive parts, leading to in-
creased level of the intact, active FGF23 hormone [22]. The
phenotype of ADHR is extremely varied with some patients
developing symptoms such as rickets in childhood and others
remaining generally asymptomatic. Studies have shown that
states of low iron can increase symptoms in ADHR patients
[23], which also might be related to increased levels of eryth-
ropoietin that have been shown to increase FGF23 expression
[24].

Autosomal recessive hypophosphatemic rickets (ARHR)
can be divided into type 1, caused by mutations in the
DMP1 gene, and type 2, due to mutations in the ENPPI gene
[25]. ARHR typically presents during childhood with
hypophosphatemia, elevated FGF23, and radiologic abnor-
malities. Inactivation of DMP-1 increases osteocyte produc-
tion of FGF23 [26]. ENPPI encodes an enzyme that inhibits
bone formation, and loss of this enzyme results in excessive
calcification that can be fatal in the disease generalized arterial
calcification of infancy (GACI) [27]. The bone mineral den-
sity can be higher in ARHR patients as compared to XLH or
ADHR patients [28].

Biochemical markers of XLH, ADHR, and ARHR include
hypophosphatemia, renal phosphate wasting, low or inappro-
priately normal 1,25(OH),D; levels, and elevated serum alka-
line phosphatase [12]. FGF23 levels are high or inappropri-
ately normal for the degree of hypophosphatemia. While the
characteristics surrounding the disease presentation might pro-
vide clues, the gold standard to differentiate between these
genetic diseases is sequencing of the DNA.

Fibrous dysplasia/McCune Albright syndrome (FD/MAS)
is a mosaic disease due to activating mutations in GNAS,
which encodes Gsx. The disease can have varying severity
depending on when in development the mutation was
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acquired, and fibrous dysplastic bone lesions can be
monostotic or polyostotic. DXA findings are quite variable
as the abnormal bone can have lucent and sclerotic areas,
and the area of interest in the DXA scan may contain varying
amounts of affected or normal bone. Patients who have
McCune-Albright syndrome typically present in childhood
and can be diagnosed by the syndrome of café au lait skin
lesions and hyperactivity of various endocrine systems such
as growth hormone excess, hyperthyroidism, and precocious
puberty. A 99Tc-MDP bone scan should be used to identify
areas of skeletal involvement. In cases of diagnostic difficulty,
such as monostotic FD, genetic testing of GNAS can be per-
formed to confirm the diagnosis. The bone lesions in FD,
especially those with more extensive disease in childhood,
can produce excess FGF23 leading to hypophosphatemia
[15]. If not treated, the sequelae of excess FGF23 and
hypophosphatemia can worsen the already fragile fibrous dys-
plastic bone [29]. Interestingly, the excess FGF23 in fibrous
dysplasia was found to be largely inactive due to glycosylation
abnormalities leading to excess cleavage of the molecule;
therefore, these patients do not typically develop an overt
rickets/osteomalacia phenotype [30, 31].

Other rare disorders of increased FGF23 which can lead to
hypophosphatemia and osteomalacia include epidermal nevus
syndrome (ENS) or cutaneous skeletal hypophosphatemia
syndrome (CSHS) caused by somatic activating mutations in
HRAS, KRAS, and NRAS [32, 33]. These patients have in-
creased FGF23 levels which is thought to originate from a
skeletal source [34]. Osteoglophonic dysplasia is a skeletal
disorder caused by mutations in FGFRI. Patients can have
elevated FGF23 levels, renal phosphate wasting, and
hypophosphatemia [35]. Hypophosphatemic rickets with hy-
perparathyroidism is due to a translocation in chromosome 13
near the Klotho gene that causes high levels of klotho and
FGF23 and increased PTH secretion [36]. Finally, intravenous
iron therapy has also been reported to increase FGF23 levels
and cause hypophosphatemia which can be prolonged [37].

Renal Causes of Phosphate Wasting

Two of the diseases which cause hypophosphatemia due to
renal phosphate leaks are hereditary hypophosphatemic rick-
ets with hypercalciuria (HHRH) and Fanconi’s syndrome.
HHRH is caused by autosomal recessive mutations in the
SLC34A3 gene, encoding NPT2c [38]. Loss of function of this
phosphate transporter in the renal tubule leads to phosphate
loss in the urine [39]. Since FGF23 is not directly affected in
this disease, it is appropriately suppressed and 1,25(0OH),D3
levels are increased. Patients thus have increased calcium ab-
sorption and hypercalciuria [26]. Fanconi’s syndrome in-
cludes both inherited and acquired forms of renal proximal
tubular dysfunction. It is characterized by aminoaciduria, gly-
cosuria, and hyperchloremic metabolic acidosis. Phosphate,
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calcium, magnesium, and other low-molecular-weight pro-
teins can also be lost in the urine [40]. Inherited causes include
inborn diseases in metabolism such as cystinosis, galacto-
semia, Dent disease, Wilson disease, and Lowe syndrome.
Acquired Fanconi anemia can be due to several drugs and
heavy metals, as well as dysproteinemias such as multiple
myeloma [40]. Phosphate wasting in Fanconi’s syndrome
causes hypophosphatemia and osteomalacia, which has been
shown to respond to calcium, phosphate, and vitamin D treat-
ment [41].

In summary, osteomalacia can have variable presentation
on DXA but should be considered in patients with low BMD
and laboratory abnormalities such as low phosphate. While
some of the diseases discussed above typically present in
childhood, vitamin D deficiency, TIO, acquired Fanconi’s
syndrome, and variable penetrance of inherited diseases
should be considered as each necessitates a tailored treatment
regimen.

Osteogenesis Imperfecta and Other
Connective Tissue Diseases

Osteogenesis imperfecta (OI), or brittle bone disease, is a rare
(affecting one in 15-20,000 individuals) connective tissue
disorder characterized by low bone mass and increased fre-
quency of fractures [42]. Patients, typically children present
with a history of frequent fractures, bowing of long bones,
short stature, hearing loss, and/or scoliosis. Blue sclerae,
macrocephaly, presence of wormian bones, basilar invagina-
tion (narrowing of foramen magnum), pulmonary function
impairment, cardiac valve abnormalities, muscle weakness,
ligamentous laxity, malocclusion, and dentinogenesis
imperfecta (discolored and weaker teeth) may be noted on
exam. The underlying pathophysiology in OI is a quantitative
or qualitative defect in collagen production although some
types of Ol are not caused by mutations that affect the collagen
pathway but by mutations in genes involved in bone mineral-
ization and in the differentiation of osteoblasts [43]. However,
about 85% of patients with OI have an autosomal dominant
mutation in the type 1 collagen coding genes (COLIAI and
COLIA2) [42, 43]. Mild manifestations of OI can be caused
by stop, frame shift, or splice site mutations that result in a
quantitative defect of type I collagen production [44]. Patients
with moderate-severe OI or known family history of OI are
typically diagnosed prenatally on sonographic imaging or in
childhood. However, patients with mild Ol may remain undi-
agnosed until adulthood and present with early-onset or accel-
erated osteoporosis, hearing loss, and poor dentition [45]. In
addition, OI and osteoporosis can also co-exist in the same
patient. Genetic testing for confirmation of diagnosis is per-
formed when necessary, usually in the absence of a family
history of OL

Patients with OI demonstrate a low BMD on DXA scan
[46]. It is important to distinguish OI from age-related osteo-
porosis as patients with OI need to be monitored for compli-
cations like hearing loss, restrictive lung pathology secondary
to scoliosis and chest deformity, valvular dysfunction, and
basilar invagination. Distinguishing mild OI from osteoporo-
sis allows physicians to plan treatment thresholds and intensi-
ty. In addition, it offers patients and families the opportunity to
participate in genetic counseling and understand risks associ-
ated with future pregnancies.

Ehlers-Danlos syndrome (EDS) is a sub-group of clinically
and genetically heterogenous connective tissue diseases char-
acterized by skin hyperextensibility, joint laxity, and easy
bruisability. Although fractures and low BMD are not cardinal
features in EDS, reduced BMD and bone quality with in-
creased prevalence of fractures has been described in these
patients [47]. Some types of EDS, commonly the vascular
type, remain undiagnosed even into adulthood—awareness
of these conditions could help in recognizing the disease
[48]. Marfan syndrome is caused by an autosomal dominant
mutation in the FBNI gene encoding the connective tissue
protein fibrillin-1 leading to transforming growth factor-beta
signaling dysfunction. Significantly low BMD has been de-
scribed in patients with Marfan Syndrome [49, 50]. Given that
patients with EDS and Marfan can have co-existing age-relat-
ed osteoporosis, it is important to interpret the finding of low
BMD in light of age of presentation, disease progression, and
family history.

Chronic Kidney Disease-Mineral and Bone
Disorder

Chronic kidney disease-mineral and bone disorder (CKD-
MBD) is a broader clinical syndrome which develops as a
systemic disorder of mineral and bone metabolism due to
chronic kidney disease (CKD) and is manifested by abnormal-
ities in mineral metabolism (calcium, phosphorus, PTH, or
vitamin D), bone mineralization, turnover, volume, linear
growth, microarchitecture or strength, and/or extra-skeletal
calcification [51]. Because of its wide spectrum, most patients
with CKD develop CKD-MBD very early in their course.
Patients with CKD are at increased risk of fractures [52,
53]. However, the diagnosis of osteoporosis in patients with
CKD is quite challenging as CKD-MBD needs to be excluded
[54]. Moreover, patients can incur fractures due to CKD-
MBBD and/or osteoporosis and the two conditions can co-exist.
Hence, the applicability of the WHO definition of presence of
fragility fracture(s) or BMD <—2.5 for diagnosis of osteopo-
rosis remains uncertain in patients with CKD. Laboratory test-
ing of PTH and bone-specific alkaline phosphatase may be
used to exclude CKD-MDB although these surrogates are
not as useful in the moderate range. Bone biopsy is the gold
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standard to establish a diagnosis of osteoporosis [55] however
because of its invasive nature and resource requirements, it is
not commonly performed.

The risk with incorrect diagnosis of osteoporosis in patients
with CKD lies in the use of anti-resorptives which are com-
monly prescribed as first-line agents for the management of
osteoporosis but can further suppress bone turnover in patients
with adynamic bone disease, if not reliably excluded.
Moreover, the efficacy and safety of these drugs in patients
with CKD is not well-established [56]. Hence, it is particularly
important to exclude the diagnosis of CKD-MBD before di-
agnosing osteoporosis in a patient with CKD.

Rare Diseases

There are several rare metabolic bone diseases that can present
with or include fractures and/or low BMD as part of the con-
stellation of symptoms. We review some of these rare diseases
below.

Type 1 neurofibromatosis (NF1) is an autosomal dominant
disease with an incidence of 1: 3500 [57]. The gene responsi-
ble for NFI is involved in regulation of cellular growth and
differentiation. Cardinal features of disease include cutaneous
neurofibromas, café au lait spots on skin, and hamartoma of
iris. Among the seven diagnostic criteria for diagnosing NF1,
osseous defect is also included [58]. Common skeletal abnor-
malities noted in NF1 include long bone dysplasia resulting in
fractures and non-union, sphenoid wing dysplasia, and scoli-
osis [59]. Low BMD and higher rates of fractures have been
described in patients with and without osseous defects [60].
The conditional knockout (Nfl cKO) mice display significant-
ly increased FGF23 with altered calcium-phosphorus metab-
olism and an osteomalacia-like bone phenotype implicating
FGF-23 in the pathophysiology of the mineralization defect
in NF1 [61]. Decreased bone mineral density has also been
reported in Noonan syndrome [62] and Costello syndrome
[63] caused by genes of the RAS-MAPK pathway.

Hypophosphatasia is a disease which can have vastly vary-
ing phenotypes ranging from dental abnormalities with nor-
mal BMD to perinatal hypophosphatasia, which is fatal just
after birth. Odonto hypophosphatasia is the mildest form of
this disease and involves tooth loss, but no other systemic
symptoms. Adult hypophosphatasia can present in the middle
ages with osteomalacia and fractures, specifically metatarsal
stress fractures, femoral pseudofractures, and subtrochanteric
femur fractures [64]. Loss of dentition is a prevalent feature
and a dental history should be taken in a suspected patient.
Hypophosphatasia is caused by mutations in the gene for
tissue-non-specific alkaline phosphatase (TNSALP) [65].
TNSALP is an enzyme located on the surface of bone and
teeth, and in its absence, its substrate, inorganic
pyrophosphatase (PPi), accumulates. PPi inhibits
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mineralization, and therefore, patients can suffer from osteo-
malacia and rickets [64]. One key finding on laboratory stud-
ies is low alkaline phosphate levels. Additionally, hydrolysis
of a form of vitamin B6, pyridoxal 5'-phosphate (PLP) is
inhibited; thus, serum PLP is elevated in hypophosphatasia.
This can be assessed by ordering “vitamin B6” after holding
any vitamin B6 supplements for 1 week [64].
Phosphoethanolamine (PEA) is also typically elevated in the
serum and urine, as is inorganic pyrophosphate (PPi).
Asfotase alpha, an enzyme replacement therapy for
hypophosphatasia, has dramatically changed outcomes for pa-
tients with this disease [66].

Loeys-Dietz Syndrome (LDS) is a disease of vascular, skel-
etal, craniofacial, and dermatologic findings which is caused
by mutations of SMAD2, SMAD3, TGFB2, TGFB3, TGFBRI,
or TGFBR2 [67]. LDS is typically diagnosed in childhood due
to the vascular, skeletal, and craniofacial abnormalities.
Arterial aneurysms are of particular concern in these patients.
LDS patients have been found to have lower bone mineral
density as well as a higher risk of fracture [68].

Cystic fibrosis (CF) is an autosomal recessive disease with
a prevalence of 1 in 2500 live births [69]. It is caused by
mutations in the CF transmembrane conductance regulator
(CFTR) protein. Patients with CF can have low BMD due
to a variety of factors: vitamin D and K malabsorption from
exocrine pancreatic insufficiency, poor nutritional status,
physical inactivity, chronic inflammation, glucocorticoid ther-
apy, delayed puberty, and hypogonadism [70]. Risk factors
for low BMD in patients with CF include male gender, poor
lung function, low body weight, and low 25-hydroxy vitamin
D levels [71]. The pooled prevalence of osteoporosis,
osteopenia, radiographic vertebral fractures, and radiographic
non-vertebral fractures were 23.5% (95% CI, 16.6-31.0),
38% (95% CI, 28.2-48.3), 14% (95% CI, 7.8-21.7), and
19.7% (95% CI, 6.0-38.8) [72] in a systematic literature
review with meta-analysis. Bisphosphonates are the first-
line medical treatment in patients with CF and low BMD.
The effectiveness of teriparatide and sequential therapy are
being investigated in these patients [73].

Acute bone involvement in sickle cell disease (SCD) is
commonly due to vaso-occlusive crises or osteomyelitis
[74]. However, 40-80% of patients with SCD have been
described to have low BMD [75, 76]. Low levels of vita-
min D and testosterone are predictors of low BMD in
these patients [77]. BMI, ferritin level, hemoglobin type,
and level have been reported to play an important role in
determining bone health in these patients [76].
Significantly elevated RANKL/OPG ratios and lower
osteocalcin in comparison to healthy controls has been
described in patients with hemolytic anemia [78].
Patients with SCD can develop vertebral collapse either
from osteoporosis or from vertebral infarction. Systematic
review and meta-analysis of bone health in patients with
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Table 1 Non-
osteoporotic causes of
low bone mineral density

1. Osteomalacia
* PTH-mediated disorders
* FGF23-mediated disorders
* Renal-mediated disorders

2. Osteogenesis imperfect and other
connective tissue diseases

* Ehlers Danlos syndrome
* Marfan syndrome

3. Chronic kidney disease—mineral and
bone disorder

4. Rare diseases
* Type 1 neurofibromatosis
* Cystic fibrosis
* Lowey Dietz syndrome
* Fibrous dysplasia
* Sickle cell disease

* Autosomal dominant hyper IgE
recurrent infection syndrome

* Homocystinuria

* Gaucher’s disease

hematopoietic disorders of bone marrow origin show that
abnormal proliferation of bone marrow cells is associated
with bone loss, independent of hematopoietic lineage sug-
gesting that iron metabolism may independently contribute
to bone homeostasis [79]. These findings highlight the
need to monitor BMD in patients with hemolytic anemia.
Further studies are needed to define threshold for thera-
peutic interventions in this select population. These pa-
tients also develop CKD further complicating choice of
therapy.

Autosomal dominant hyper IgE recurrent infection syn-
drome (AD-HIES or Job’s syndrome) is a rare primary immu-
nodeficiency disorder caused by mutations in signal transduc-
er and activator of transcription 3 (S7AT3) gene. Patients pres-
ent with recurrent infections, eczemas, elevated serum immu-
noglobulin E, and pathological fractures. Bone manifestations
include minimal trauma fractures predominantly on long
bones, scoliosis, cystic bone changes, and low BMD [80].
The possible causes of low BMD in patients with AD-HIES
include chronic inflammation, increased osteoclast function,
nutritional and hormonal factors, and direct unknown effect(s)
of STAT3 on bone metabolism [81]. In these patients, cells in
the monocyte/macrophage family are activated to resorb bone
contributing to the low BMD [82]. Case reports describing use
of bisphosphonates to improve BMD in these patients have
been published [83].

Homocystinuria (HCU) is an autosomal recessive disease
due to mutations in cystathionine beta-synthetase character-
ized by developmental delay, intellectual impairment, disloca-
tion of the optic lens, thromboembolism, and skeletal abnor-
malities. Low BMD is common in both children, and adults
with HCU and routine assessment of bone health in these
patients is recommended [84]. Good control of plasma homo-
cysteine has been shown to optimize bone health in these
patients [85].

Gaucher’s disease (GD) is the most common lysosomal storage
disease with an autosomal recessive inheritance. Patients lack the
beta-glucocerebroside enzyme due to mutations at the
glucosylceramide beta (GBA) gene resulting in accumulation of
glucocerebroside in the lysosomes of macrophages. Patients typi-
cally present with hepatosplenomegaly and bone marrow

Table 2 Mechanisms of osteomalacia
Disease Mechanism Genetic vs
acquired
PTH-mediated disorders
Vitamin D Deficiency Decreased 25-OH-D by poor intake Acquired
Renal insufficiency Decreased 1-alpha hydroxylase activity leads to decreased active 1,25-OH,-D  Acquired
Hepatic insufficiency Decreased 25-hydroxylation of vitamin D in the liver leads to decreased Acquired
active 1,25-OH,-D
FGF23-mediated disorders
Tumor-induced osteomalacia Mesenchymal tumor autonomously secretes FGF23 Acquired
X-linked hypophosphatemic rickets Mutation in PHEX Genetic
Autosomal dominant hypophosphatemic rickets Mutation in FGF23 causes decreased cleavage Genetic
and inactivation
Autosomal recessive hypophosphatemic rickets Mutations in DMP1 and ENPP] Genetic
(type 1 and 2)
Renal-mediated disorders
Fanconi anemia Renal proximal tubule damage Genetic or
acquired
Hereditary hypophosphatemic rickets with Mutation of SLC23A3 (renal phosphate channel) Genetic

hypercalciuria
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involvement. Recurrent fractures, low BMD, growth retardation,
Iytic lesions, and infarct of the cortico-medullary bone are some of
the skeletal manifestations of the disease [86]. Bisphosphonate ther-
apy has been reported to improve bone density in conjunction with
enzyme replacement for GD [86].

Conclusions

While post-menopausal osteoporosis is the most common
cause of low BMD, clinicians are encouraged to review the
differential diagnosis of low BMD to establish a diagnosis in
clinical setting. With continued advances in the study of rare
bone diseases and availability of high-resolution peripheral
quantitative computed tomography to measure BMD, new
information and treatments will continue to emerge.
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