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ABSTRACT

Osteoporosis constitutes a significant disease burden globally. While
this disease has been historically associated with postmenopausal
women and elderly men, osteoporosis in younger adults does occur in
the setting of chronic disease, medications that affect bone metabolism,
and other risk factors. Among those, glucocorticoids are an important
risk factor for bone fragility in children or young adults with serious
illnesses, largely due to their direct adverse effects on skeletal
metabolism. In this report, we present a case of a 16-year-old female
diagnosed with glucocorticoid-induced osteoporosis (GIO). She had
been on prednisolone for more than a year owing to progressive
glomerulonephritis with a nephrotic picture. She developed severe low
back pain and restricted mobility and sought urgent care. Spine
radiographs showed osteoporotic changes, which warranted further
investigations including bone mineral densitometry (BMD) by dual
energy x-ray absorptiometry (DXA). BMD revealed a T-score and
Z-score of -3.1 at lumbar spine, suggestive of osteoporosis. In light of
her medical history and the BMD findings along with a low basal
cortisol level, a diagnosis of glucocorticoid-induced osteoporosis
(GIO) was made. She was commenced on Teriparatide, a recombinant
human parathyroid hormone analog and subsequently discharged upon
regaining ambulation.
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INTRODUCTION

Osteoporosis in children or adolescents differs from adults in
terms of definition, diagnosis, monitoring and treatment
options. In addition to primary osteoporosis, there are
significant other causes of bone fragility in children.
Secondary osteoporosis can be a result of a plethora of
conditions including leukemia and other cancers, systemic
inflammatory and autoimmune disorders (such as, but not
limited to, inflammatory bowel disease, and rheumatic
conditions  including erythematosus,

systemic  lupus

systemic-onset juvenile arthritis, juvenile dermatomyositis,

systemic vasculitis, and overlap syndromes), renal diseases
(e.g., nephrotic syndrome), neuromuscular conditions and
organ transplantation. The reported adolescent female of
secondary  osteoporosis exposed to prolonged
glucocorticoid therapy.

CASE REPORT

was

A l6-year-old teen age girl presented with severe low back
pain that restricted her mobility to the extent that she was
bedridden and sought urgent medical care. Dorso-lumbar
spine x-rays were requested, which revealed osteoporotic
changes (Figure 1). Given the oddity of these findings in such
an age group along with the severity of her symptoms, she
was admitted to Chittagong Medical College Hospital
(CMCH) to be treated as an in-patient.

She had an eventful medical history, which was significant
for glomerulonephritis with a nephrotic picture and three
relapses. Her first presentation was in late 2022, with the
complaints and weakness.

of generalized swelling

Proteinuria, hypoalbuminaemia and elevated urinary
protein-creatinine ratio (PCR) supported the diagnosis and
she was commenced on prednisolone, which was later
tapered gradually. Three months later her condition relapsed,
likely triggered by down-titration of glucocorticoids. This

necessitated the increase in dosage of prednisolone.

However, she experienced another relapse about 3 months
after the first one which warranted hospitalization.
Prednisolone was resumed in therapeutic dosage and
subsequently, a renal biopsy was performed. Histopathology
revealed mild segmental mesangial cell hyperplasia as well
as patchy acute tubular injury, tubular atrophy and interstitial
fibrosis along with arterial endothelial cell hyperplasia: all of
which were of mild grade. Direct immunoflourescence panel
was negative for IgA, IgG, IgM, C3 and Clq. A diagnosis of
focal segmental mesangial proliferative glomerulonephritis
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(MesPGN) was established. Upon recovery, she was
discharged from the hospital and continued to be on
glucocorticoids.

Although it was back pain that compelled her latest visit to the
hospital, it was characterized as a third relapse as evidenced by
proteinuria and deranged urinary PCR upon investigation. The
unexpected finding of decreased bone density on dorso-lumbar
spine radiographs called for further tests, which included basal
cortisol and bone mineral densitometry (BMD). Early morning
cortisol level was recorded as 0.765 pg/dL (reference range:
3.7-19.4 pg/dL) which was low, and therefore indicated adrenal

.
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suppression. BMD measurement by dual energy x-ray
absorptiometry (DXA) was done at our institution and revealed
a T-score of -3.1 and a Z-score of -3.1 as well at spine (L1-L4),
consistent with osteoporosis and a high fracture risk (Figure 2,
Table 1). Thus, a diagnosis of glucocorticoid-induced
osteoporosis  (GIO) was made. Definitive therapy with
Teriparatide, a recombinant human parathyroid hormone
analog (PTH 1-34) subcutaneous injection to be administered
once daily was prescribed, along with vitamin-D supplement as
adjunct. Patient was discharged upon regaining ambulation
with the advice to follow up regularly.

& i

Figure 1: X-rays of dorso-lumbar spine in lateral (right) and antero-posterior (left) view showing decreased bone density, reduced height
of D12 and L1 vertebral bodies (arrow) suggesting partial collapse along with straightening of curvature,
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Table 1: Bone mineral densitometry (BMD) by dual energy x-ray absorptiometry (DXA) results

ROI BMD (gm/cm?) BMC (g) Area (cm?) T-score Z-score
Spine: L; —L4 0.644 32.57 50.56 -3.1 -3.1
Right femur 0.722 22.07 30.55 -1.7 -1.7
Left femur 0.843 25.21 29.89 -0.8 -0.8
Reference curve Spine
Total : 0.644 (g/cm?)
BMD (g/om?) T-Score
1-22-2004 1359 160 om §5 kp
Asian F Spine
Right Femur Left Femur
" Total :  0.722 (g/cm?) Total : 0.843 (g/cm?)
TScore  BMD (glem? T-Score

1-22-20124 13:55 160 cm 535 kg 01-22-2024 13:55 160 can 55 kg

BMD (gfcm?)

20 30 40 50 60 7O 80 90
Year Year

20 30 40 50 60 7O 8O SO

Asian F Right Femur Asian F Left Femur

Figure 2: DXA scan images with appropriate reference curves for age, sex, height and race.

DISCUSSION

Glucocorticoids (GC) are the mainstay in the management of
numerous systemic childhood illnesses. However, they are one
of the most potent osteotoxic drugs that are routinely prescribed
despite major advances in the management of those diseases.
Glucocorticoids have diverse direct, and indirect, effects on the
growth plate and developing skeleton. Osteoporosis in younger
adults (YAs: premenopausal women and men aged <50 years)
is less common but does occur in the setting of chronic disease,
medications that affect bone metabolism, and other risk factors
(1). Although rare, idiopathic osteoporosis (IOP) with no
identifiable secondary cause is also associated with abnormal
bone microarchitecture (2).

Optimal management of osteoporosis in younger adults is beset
by many hurdles. Firstly, the pathophysiology of fracture in this
age group is poorly understood. Secondly, the BMD criteria for

diagnosis of osteoporosis in this demographic are debated. In
addition, optimal investigations for the diagnosis and
monitoring of osteoporosis in adolescents are unclear. Finally,
best practice management of osteoporosis or low bone density
in young adults is poorly understood due to scarcity of focused
research (3).

Through a variety of processes, chronic illness during
childhood and early adulthood can impede the accumulation of
peak bone mass. Bone loss is facilitated by a number of
disease-specific factors, including low nutrition, weight loss,
hypogonadism, increased exposure to inflammatory cytokines,
and others. Glucocorticoid-induced osteoporosis (GIO) can
occur in the context of excess glucocorticoids due to Cushing’s
syndrome and in those prescribed long-term, moderate-dose to
high-dose glucocorticoids (equivalent to >5 mg prednisolone
for >3 months). Glucocorticoids inhibit osteoblast maturation
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and osteoclast apoptosis, which results in increased bone
resorption and decreased bone formation (4, 5).

For young adults (YAs) with underlying secondary causes, the
ISCD (International Society for Clinical Densitometry) and
IOF (International Osteoporosis Foundation) recommend
diagnosing low BMD or osteoporosis based on Z-scores or
T-scores, respectively (6, 7). Some have advised avoiding
making an osteoporosis diagnosis if there are no fragility
fractures (8). The latter, however, presents unique difficulties
since it places more emphasis on treating fractures after they
occur than on preventing them in the first place. To further
complicate matters, there are few studies that report the amount
of fracture risk in isolated low BMD as indicated by a Z-score
< -2, 1t is well established that postmenopausal women of
different ethnic backgrounds have different absolute fracture
risks at any given BMD; it is less certain, though, if young
adults are also affected by this difference (9). The combined
effects of glucocorticoids on bone are not only to reduce bone
density (BMD) (10), but to
microarchitecture, with a predilection for the trabecular-rich
spine (4, 11).

mineral alter bone

Current management of osteoporosis in young adults relies
heavily on studies that include postmenopausal women and
older men. In an effort to find a treatment that works for GIO,
numerous interventional studies have been conducted;
however, very few of these studies have focused solely on the
effects of these drugs on a cohort of younger adults. A
systematic review and network meta-analysis of 27 randomized
controlled trials (RCTs) illustrated that teriparatide, risedronate,
and etidronate were effective in preventing vertebral fracture in
patients with GIO, compared with calcium and vitamin D.
Teriparatide, zoledronic acid, risedronate, alendronate, and
etidronate improved spinal BMD in GIO compared with
calcium and vitamin D, whereas calcitonin did not; alendronate

and raloxifene improved femoral neck BMD (12).

It is evident that further research into the incidence, risk
stratification, and management of osteoporosis in the young
adult population is needed. The significance of isolated low
BMD in this cohort is as yet unclear. Undeniably, there is
abnormal bone microarchitecture in these individuals based on
available data, but their long-term fracture risk and thus, an
intervention threshold is yet to be established. Targeted tools
for fracture risk calculation and guidance on the optimal
methods of diagnosing and monitoring osteoporosis in young
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adults are needed. Fracture risk assessment tools should ideally
take into consideration the presence of different chronic
diseases, sex, and ethnicity.

There is dearth of research on the safety and efficacy of
therapeutic agents in this cohort. Additionally, it is necessary to
clarify the advantages and disadvantages of the widely
accepted practice of preferring anti-resorptives over anabolic
therapy. The creation of guidelines that will help young adult
patients and their healthcare providers will be aided by
thorough study into the aforementioned areas of clinical need.

CONCLUSION

Osteoporosis in young adults is uncommon. Nonetheless, a
growing body of research shows that a subgroup of young men
and women has abnormal bone microarchitecture and/or low
BMD with or without fracture. The diagnosis, monitoring, and
management of osteoporosis in this population deserve stronger
research efforts.
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