
Page 1/12

A Retrospective Review of Bone Health Screening of
at-risk Children and Adolescents: A Single Center
Experience
Chun-cheung Antony Fu  (  dr.a.ccfu@gmail.com )

Princess Margaret Hospital https://orcid.org/0000-0002-1491-0895
Wing Hang Luk 

Princess Margaret Hospital

Research article

Keywords: adolescents, bone health, children, DXA, vitamin D

Posted Date: July 8th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-40556/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-40556/v1
mailto:dr.a.ccfu@gmail.com
https://orcid.org/0000-0002-1491-0895
https://doi.org/10.21203/rs.3.rs-40556/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/12

Abstract
Background Bone health surveillance that includes laboratory tests and dual-energy x-ray absorptiometry
(DXA) for patients with conditions that predispose them to a higher risk of osteoporosis is recommended.
This study aimed to review current practice of such surveillance in a local tertiary referral centre.

Methods Retrospective review of clinical data of patients who underwent DXA from 2013 to 2017
inclusive. Laboratory test results and presence of osteoporotic risk which was de�ned as bone mineral
density (BMD) Z-score -2 SD or less were documented.

Results This review consisted of 112 patients, 58 boys and age ranged from 1.1 to 20.3 years. Most
referrals for DXA came from the subspecialty of nephrology (56.3%). Vitamin D status was rarely
evaluated in this cohort of patients, only 17.9% of subjects had their vitamin D level checked. Overall,
osteoporotic risk was demonstrated in 37% of the subjects. Thalassaemia, other haematological
diseases like chronic ITP, osteogenesis imperfecta and in�ammatory bowel disease accounted for
majority of cases with high risk of osteoporosis.

Conclusion DXA is underutilized in this center. Bone health surveillance and protection should be
strengthened.

Background
Osteoporosis is recognized as one of the major public health problems (1). It is not limited to adults, and
accumulating evidence suggests that it may have its root in childhood (2). Notwithstanding the fact that
genetic factors account for 60–80% contribution of peak bone mass variability (2–3), the majority of
vulnerable patients are those with osteoporosis secondary to disease processes including immobility (e.g.
cerebral palsy, cord injury, Duchenne Muscular Dystrophy (DMD)), poor nutrition, chronic in�ammatory
conditions like systemic lupus erythematous (SLE), in�ammatory bowel disease (IBD), Thalassemia,
hormonal disorders, and those on long-term offending medical treatment (e.g. glucocorticoid and anti-
epileptics). Patients exposed to these negative bone regulators may fail to achieve the expected gain in
bone mineral density (BMD) and hence are at risk of sustaining fractures. Nonetheless, osteoporosis
could be asymptomatic even in the presence of fractures. Such under-recognition could have signi�cant
healthcare management and resource implications. It underscores the importance of regular bone health
assessment in individuals with at-risk conditions.

Clinical practice guidelines recommend regular bone health surveillance by measuring serum calcium
and vitamin D together with dual-energy x-ray absorptiometry (DXA) in individuals with the
abovementioned at-risk conditions (4–6). DXA is widely accepted as the gold standard non-invasive
assessment tool of bone health owing to its safety, speed, precision and reliability (4). Its radiation dose
is one-tenth that of a standard chest radiograph. In our hospital, DXA service has been made available
since 2009 serving two thousand patients a year in the Kowloon West Cluster. In this review we aimed to
examine the current practice of bone health surveillance in at-risk children and adolescents.
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Method
This was a retrospective review of paediatric patients who underwent DXA (Lunar iDXA) between the
period 1 July 2012 and 30 June 2017 in a tertiary endocrine referral center at the Princess Margaret
Hospital (PMH), Hong Kong. PMH is the only referral center serving paediatric populations in two districts,
namely Kwai Tsing and Tsuen Wan of the Hong Kong territory. Population data obtained by the Hong
Kong Census and Statistics Department in 2016 showed the combined population of the two districts
was 802,159, equivalent to 11.5% of the total population of Hong Kong.

The primary outcome was to examine the clinical characteristics of patients that undertook DXA during
the study period, including the bone health surveillance performed prior to scanning. As a secondary
outcome, we intended to estimate the incidence amongst the diagnosis groups that have high risk to
develop osteoporosis. Patient data were extracted from the Clinical Data Analysis and Reporting System
(CDARS), a database managed by the Hong Kong Hospital Authority. The only exclusion criterion was
children under the age of 5 years at the time of scanning when the reference normative data of DXA at
and below that age was not available. This study has obtained approval from the Institutional Review
Board of Research Ethics Committee of Kowloon West Cluster.

DXA results were reported as BMD Z-score – the number of standard deviations (SD) of lumbar spine
(LS) from the norm of the manufacturer’s reference data. The International Society for Clinical
Densitometry (ISCD) states the presence of a bone mineral content (BMC) or BMD Z-score of greater than
or equal to 2 standard deviations below the reference values, evaluated by DXA of the lumbar spine
indicates a reduced bone mass in children and adolescents and is associated with increased fracture risk.
(5) The ISCD also recommends to report Z-score, rather than T-score, for skeletal health assessment in
children with increased risk of fracture as many of them have not achieved their peak bone mass (6).

Demographic (age, gender and ethnicity), anthropometric parameters (body height, weight and BMI with
corresponding Z-score), disease entity, laboratory (bone pro�le – serum calcium, phosphate and alkaline
phosphatase, 25-hydroxyvitamin D (25OHD) and parathyroid hormone (PTH) levels) and treatment for
osteoporosis if any were collected. For medication history, concurrent use of glucocorticoid and other
offensive medications like anti-epileptics and immunosuppressants was also recorded.

Results
Over the 5-year study period, 112 subjects underwent DXA and the median age at the time of scanning
was 15.5 years [IQR 11.4–17.6 years] and 51.8% was male.

Figure 1 shows the referral pattern. Most referrals came from nephrology (n = 63), followed by
endocrinology (n = 10), haematology (n = 10), rheumatology (n = 8), neurology (n = 7) and respirology (n = 
6). Overall, 37% of the patients had high risk of osteoporosis based on their DXA results. Table 1
summarizes the demographic and other basic information of the cohort. Bone pro�le (Calcium,
phosphate and alanine phosphatase) was evaluated in 95.5%, Vitamin D in 17.9% and PTH in 16.1% of
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the patients referred for DXA. While as per global guidelines, the lowest acceptable vitamin D level is
50 nmol/L (10–11), the median level of vitamin D in this cohort was 48 nmol/L. 85 of them (76%) were
treated with calcium and vitamin D supplements (Cholecalciferol or Calcitriol). 73 of them (65.2%) were
on glucocorticoid (GC) therapy for 3 months or longer, and 70 of them (62.5%) were on at least one
immune-modulating therapy in addition to GC.

Table 2 shows subspecialty-based information for bone health management. The median age at the time
of scanning was the greatest for patients referred from rheumatology, nephrology and hematology. The
median BMD was most suboptimal in patients referred from gastroenterology (median BMD LS Z-score − 
2.8), followed by hematology (-2.7) and metabolic medicine (-2.1). 85.7% of nephrology and all
rheumatology patients were prescribed glucocorticoid and immune-modulating therapy concurrently. All
neurology patients received glucocorticoid therapy.

With regard to bone health surveillance, while bone pro�le monitoring was regarded as fundamental for
all subspecialties, evaluation of vitamin D status was rarely performed in most subspecialties, except
neurology and endocrinology (both 42.9%), not to mention PTH was also poorly monitored for all
subspecialties but gastroenterology and endocrinology (both 50%). In nephrology, only around 10% of
their patients had their vitamin D and PTH status checked, when they were the greatest stakeholder in
referring patients for DXA.

Table 3 reveals disease-speci�c information. Headcount of each disease in the hospital, as per CDARS
search over the study period is also listed in the table. The majority of Thalassemia patients (85.7%) were
in the range of osteoporotic BMD, followed by other haematological diseases (75%), OI (50%) and IBD
(50%). All in all, at least 20% of patients in any group had DXA showing LS BMD in osteoporotic range.
Compared to the active headcount of each disease in the hospital over the study period, even though all
OI, 75% of DMD and 44.4% of lupus nephritis patients had DXA done, they were the minority (23.2%) in
the cohort. The majority (76.8%) had 20% or less of patients in each disease group never had DXA done
over the study period. In Table 3, there are 19 nephrology patients (30.2%) that received Calcitriol as
vitamin D supplement.

Discussion
In this cohort, 112 subjects of similar gender distribution were identi�ed, 60% of which came from
nephrology. Overall, 37% of them had osteoporotic range of BMD but this percentage varied from 10.3 to
100% amongst the subspecialties. Majority of them had bone pro�le screened but only a minority got
vitamin D and PTH checked. Many of the patients referred for DXA had already been started on calcium
and vitamin D supplements.

The diagnosis of childhood osteoprosis cannot be set based on the bone densitometric measurements
alone as it requires the presence of a clinically signi�cant fracture history. Furthermore, being a 2D
measurement of BMD, DXA has its limitations. BMD of chronically ill children are often underestimated
owing to the fact that they are often small built, so do their bone sizes (8). In addition, there has been no
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uni�ed protocol for skeletal assessment as the clinical approach varies by speci�c diagnoses and
expected clinical outcome. Nonetheless, it is still highly recommended as a bone health screening tool for
a number of primary and secondary disorders that have been associated with low bone mass and risk of
fracture (6), including Thalassemia (9), DMD (10) (11) and IBD (12), when patients may bene�t from the
results of densitometry.

The prevalence of some groups of our patients with osteoporotic BMD is comparable to the literature
�ndings, namely nephrotic syndrome (13), SLE (14) and Thalassemia (15). This implies the actual
number of patients that are truly osteoporotic, according to the ISCD criteria, is lower. For osteogenesis
imperfecta, understandably some of the patients responded to bone-active treatment including
bisphosphonate therapy as shown by improvement in their DXA. For DMD, the prevalence of osteoporotic
range BMD is lower than reported (16), that is likely explained by small sample size.

All subjects in the cohort were regarded by their parent teams to be at risk of osteoporosis before they
were referred for DXA. Albeit that, not necessarily they had serum 25-hydroxyvitamin D (25OHD) level
evaluated (17.9% overall). Undoubtedly there shows inadequacy of 25OHD screening in some
subspecialties in the cohort. Patients from neurology and endocrinology might have done it better yet
their headcount was small compared to other subspecialties like nephrology. Being a recognized risk
factor of fracture (17), 25OHD should be universally included in the bone health screening protocols.

Except OI and DMD, the median age of DXA scanning for all other disease groups are above 16 years.
Together with the fact that over the 5-year study period, the number of active headcounts in most disease
groups are greater than the cohort, it is postulated that many of the patients are deprived of the
opportunity of bone health surveillance and some of them should have undergone the scan earlier.
Meanwhile, some disease entities that are vulnerable to osteoporosis are absent in this cohort, e.g.
patients with cerebral palsy, history of cancers, leukemia and severe asthma on high dose inhaled
corticosteroids (18). This suggests the under-recognition of the importance of bone health management
in certain subspecialties.

The two commonly available preparations of vitamin D supplements for prevention of osteoporosis are
ergocalciferol (vitamin D2) and cholecalciferol (vitamin D3). Calcitriol is the most active metabolite of
vitamin D and can easily lead to hypercalcemia and/or hypercalciuria (19). Therefore, calcitriol is not the
drug of choice for preventing osteoporosis yet it is still being prescribed by some subspecialty teams, e.g.
alongside with the prescription of long-term glucocorticoid therapy. Thus, further education of the
different vitamin D preparations and sharing of experience is important in maintaining and optimizing
bone health management of our patients. Paediatricians from different subspecialties may have their
own judgement for arranging bone health management, including the timing of initiation and what to
include in the management plan. It would be bene�cial if endocrinologists could take the lead to
coordinate amongst the parent teams to execute the bone health protection strategy in a more timely and
complete fashion.
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This review of practice serves as a pilot study aiming to cover the most needed disease groups of the
hospital but not every paediatric patient, since there is a vast scope of patients that deserve bone health
screening. Therefore only patients that underwent DXA were recruited as it was believed this limited group
of patients was already “at risk” in their paediatricians’ mind. However, this review is also subject to a
number of limitations. First, our hospital was lack of reference normative paediatric data forTBLH BMD
measurement for DXA, that is also recommended by ISCD. But fortunately on the one hand vertebrae are
rich in trabecular bone that is more metabolically active particularly in children, they are the most
sensitive skeletal sites for BMD assessment; on the other hand, the measurement of LS and TBLH BMD
are often synchronized. Second, as aforementioned, BMD of short children are underestimated owing to
their smaller bone size (8). These should be adjusted for their absolute height or height age to eliminate
the size-related artefacts (2), that has not been done in many places including our hospital. Third, BMC or
BMD has been shown to have high speci�city but low sensitivity for osteoporosis (20). Bone fragility is
dependent on a multitude of factors in addition to bone mass. For example, a larger bone is resistant to
fracture than a small bone, given both bones have the same BMC or BMD. Therefore, we should not solely
rely on bone densitometry data to stratify patients’ risk to develop osteoporosis.

In future work, longitudinal follow-up of the same group of subjects after the coordination by
endocrinologists might be helpful to prove the improvement of implementation of bone health protection
strategy in the hospital. It is also recommended to replicate the study with subjects identi�ed by the
speci�c disease groups instead of limiting to those that have undergone DXA in order to have a more
complete picture of the situation.

Conclusion
To summarize, bone healthy protection strategy is not commonly executed. The utilization of DXA is
restricted to several subspecialties and is lacking among the others. The understanding of risks of bone
fragility and hence awareness of bone health surveillance in children and adolescents need to be
strengthened among paediatricians. A comprehensive bone health management consensus for high risk
disease groups, by optimization of modifable factors, should be convened or collaborated by a
designated team e.g. the endocrinologists for children during their growth before the occurrence of
fractures and to maximize adult bone health. We also look forward to the availability of normative height-
adjusted DXA data for LS and TBLH BMD assessment for children.
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DXA: dual-energy X-ray absorptiometry

ISCD: International Society for Clinical Densitometry

LS: lumbar spine

TBLH: total body less head
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Tables
Table 1. Demographic and other basic information of the cohort.
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Table 2. Subspecialty-based information for bone health surveillance and protection.
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Table 3. Disease-speci�c information for bone health surveillance.

Figures
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Figure 1

Referral pattern for DXA


