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Summary

The association between type 1 diabetes mellitus (T1DM) and bone health has garnered interest over the years. Fracture 

risk is known to be increased in individuals with T1DM, although bone health assessment is not often performed in the 

clinical setting. We describe the case of a 21-year-old male with longstanding T1DM with multilevel vertebral fractures 

on imaging, after presenting with acute back pain without apparent trauma. Dual-energy X-ray absorptiometry (DXA) 

revealed significantly reduced bone mineral density at the lumbar spine and femoral neck. Extensive investigations 

for other secondary or genetic causes of osteoporosis were unremarkable, apart from moderate vitamin D deficiency. 

High-resolution peripheral quantitative computed tomography and bone biospy revealed significant alterations of 

trabecular bone microarchitecture. It later transpired that the patient had sustained vertebral fractures secondary to 

unrecognised nocturnal hypoglycaemic seizures. Intravenous zoledronic acid was administered for secondary fracture 

prevention. Despite anti-resorptive therapy, the patient sustained a new vertebral fracture after experiencing another 

hypoglycaemic seizure in his sleep. Bone health in T1DM is complex and not well understood. There are significant 

challenges in the assessment and management of osteoporosis in T1DM, particularly in young adults, where fracture 

prediction tools have not been validated. Clinicians should be aware of hypoglycaemia as a significant risk factor for 

fracture in patients with T1DM.
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Learning points:

•• Type 1 diabetes mellitus (T1DM) is a secondary cause of osteoporosis, characterised by reduced bone mass and 

disturbed bone microarchitecture.

•• Hypoglycaemic seizures generate sufficient compression forces along the thoracic column and can cause fractures 

in individuals with compromised bone quality.

•• Unrecognised hypoglycaemic seizures should be considered in patients with T1DM presenting with fractures 

without a history of trauma.

•• Patients with T1DM have increased fracture risk and risk factors should be addressed. Evaluation of bone 

microarchitecture may provide further insights into mechanisms of fracture in T1DM.

•• Further research is needed to guide the optimal screening and management of bone health in patients with 

T1DM.
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Background

Type 1 diabetes mellitus (T1DM) is an immune-mediated 
condition culminating in the destruction of pancreatic 
beta cells, which are necessary for insulin production. 
T1DM is commonly diagnosed in childhood and young 
adults, thus reflecting the burden of this chronic disease 
in a young population, who are ultimately at risk of the 
long-term complications of diabetes. In recent years, 
there has been growing interest and awareness of the 
pathophysiology and mechanisms behind diabetic bone 
disease. Although T1DM is an established risk factor for 
osteoporosis and fracture, bone health in patients with 
T1DM is not routinely assessed. This may be in part 
due to the lack of guidelines for fracture risk assessment 
and management of such patients, particularly in 
children and young adults. We present the challenges 
in diagnosis and management of recurrent fractures 
secondary to hypoglycaemic seizures in a patient 
with T1DM.

Case presentation

A 21-year-old male Caucasian university student presented 
to the emergency department after awaking with sudden-
onset, severe inter-scapular back pain. Multiple thoracic 
vertebral fractures were initially appreciated on plain X-ray 
films, and subsequent magnetic resonance imaging (MRI) 
confirmed widespread acute and subacute compression 
fractures throughout the thoracic and lumbar spine at 
T2–5, T9 and T10, L4 and L5 (Fig. 1). The patient reported 
no antecedent trauma or recent falls.

His history was significant for a 12-year duration of 
T1DM, which was managed with a basal-bolus insulin 
regimen, under the care of an endocrinologist. He reported 
good glycaemic control historically and self-monitoring 
of blood sugar levels several times a day with infrequent 
hypoglycaemic episodes. He was a non-smoker and only 
consumed alcohol socially. Dietary calcium intake was 
adequate, averaging three servings daily. There was no 
history of fractures in childhood, and no personal or 

Figure 1
T2-sagittal MRI demonstrating hyperintense marrow signal abnormalities in several vertebral compression fractures. MRI, magnetic resonance imaging.
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family history of bone disease or minimal trauma fractures. 
Apart from multiple daily injections of insulin detemir 
and aspart, he reported no other regular medications or 
previous glucocorticoid use. Clinical examination revealed 
a well-virilised male with normal testicular volumes, and 
a height and weight of 181 cm and 94 kg respectively. 
Fundoscopy revealed no evidence of retinopathy, and 
neurological examination was unremarkable; there was no 
evidence of blue sclerae or kyphosis.

Investigation

Initial laboratory investigations revealed a normal 
electrolyte profile and renal function, full blood count and 
thyroid function tests. He had a glycated haemoglobin 
of 7.8% (62 mmol/L) and had no evidence of urinary 
microalbuminuria. Moderate vitamin D deficiency 
(28 nmol/L) was identified; however, corrected calcium, 
phosphate and parathyroid hormone levels were all within 
reference limits. Coeliac disease antibodies were negative, 
as were other investigations for secondary osteoporosis, 
including Cushing’s syndrome, hyperthyroidism, 
hypogonadism, liver disease, mastocystosis, idiopathic 
hypercalciuria and multiple myeloma (Table  1). Bone-
turnover markers (C-terminal telopeptide (CTX) and 
procollagen type 1 amino-terminal propeptide (P1NP)) 
were elevated, in keeping with the increased bone-turnover 
state in the context of his recent fractures. Bone mineral 
density on DXA was severely reduced, with Z-scores of −2.9 
at L2–L3 and −3.0 at the left femoral neck respectively.

Four months later, the patient developed new acute 
fractures at T7 and L2, after a witnessed hypoglycaemic 
seizure at home. During his inpatient admission, he 
was noted to have multiple nocturnal hypoglycaemic 
episodes with impaired awareness of hypoglycaemia. 
Investigations for a primary seizure disorder with MRI 
brain and electroencephalogram were unremarkable.

Given the extensive fracture history, a bone marrow 
aspirate and trephine (with tetracycline-labelled bone 
biopsy) of the posterior iliac crest was performed to 
exclude a malignant cause. No haematological or 
malignant disease was identified, but disruption to the 
bone trabecular architecture was evident in cancellous 
bone, characterised by a reduction in trabecular number, 
thinning and increased separation of trabeculae (Fig. 2). 
There were no features of osteomalacia, indicated by 
normal tetracycline uptake at the bone-mineralising 
surfaces. High-resolution peripheral quantitative 
computed tomography (HR-pQCT) was also performed 
of the radius and tibia, revealing significant cortical and 

trabecular deficits. In particular, his cortical and trabecular 
volumetric bone mineral density, and cortical thickness, 
were under the 10th centile of age-, sex- and site-matched 

Table 1  Summary of biochemical investigations and 

HR-pQCT parameters.

Value RR or centile*

Biochemical investigations
  HbA1c (%) 7.8% ≤6.0
  Creatinine (µmol/L) 96 60–105
  Urea (mmol/L) 4.4 4.4–9.0
  Estimated GFR (mL/min/1.73 m2) >90 >90
  Alkaline phosphatase (U/L) 136 42–135
  Corrected calcium (mmol/L) 2.49 2.14–2.50
  Magnesium (mmol/L) 0.90 0.66–1.07
  Phosphate (mmol/L) 0.65 0.60–1.30
  Parathyroid hormone (pmol/L) 4.5 1.6–6.9
  Vitamin D (nmol/L) 28 >50
  TSH (mU/L) 1.60 0.3–5.00
  FSH (U/L) 2.8 1.4–13.6
  Luteinising hormone (U/L) 1.0 0.6–12.1
  Total testosterone (nmol/L) 20.6 8.0–30.0
  Prolactin (U/L) 218 73–306
  Cortisol, post ODST (nmol/L) 42 <50
  Transglutaminase AB (U/mL) 0 0–4
  Gliadin IgA (units) 5 0–19
  Gliadin IgG (units) 2 0–19
  Tryptase (µg/L) 4.1 0.0–11.4
  Serum protein electrophoresis NPD
  CTX (ng/L) 1435 400–900
  P1NP (µg/L) 151 15–115
HR-pQCT) parameters
  Radius
    Total BMD (mg/HA/cm3) 274.2 <10th
    Cortical BMD (mg/HA/cm3) 792.3 <10th
    Trabecular BMD (mg/HA/cm3) 177.0 <25th
    Trabecular number (1/mm) 1.67 <10th
    Trabecular thickness (mm) 0.088 75th
    Trabecular separation (mm) 0.511 90th
    Cortical thickness (mm) 0.62 <10th
  Tibia
    Total BMD (mg/HA/cm3) 246.3 <10th
    Cortical BMD (mg/HA/cm3) 835.0 <10th
    Trabecular BMD (mg/HA/cm3) 172.1 <10th
    Trabecular number (1/mm) 1.87 25th
    Trabecular thickness (mm) 0.077 10th
    Trabecular separation (mm) 0.459 75th
    Cortical thickness (mm) 0.82 <10th

Abnormal values are denoted in bold.
*RR is presented for biochemical investigations and centiles for HR-pQCT 
parameters. Centiles are derived from age-, sex- and site-specific centile 
curves for HR-pQCT parameters using a Canadian reference population 
from the study by Burt et al. (1).
BMD, bone mineral density; CTX, C-terminal telopeptide; GFR, glomerular 
filtration rate; HA, hydroxyapatite; HR-pQCT, high-resolution peripheral 
quantitative computed tomography; NPD, no paraprotein detected; 
ODST, overnight dexamethasone suppression test; P1NP, N-terminal 
propeptide of type 1 collagen; RR, reference range; HbA1c, glycated 
haemoglobin; TSH, thyroid stimulating hormone; FSH, follicle stimulating 
hormone; AB, antibodies.
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normative values derived from a reference population 
of adults (1) (Table  1). A clinical geneticist reviewed 
the patient, and no hereditary cause of bone disease 
was identified. Therefore, the working diagnosis was 
extensive vertebral fractures secondary to unrecognised 
hypoglycaemic seizures, on a background of impaired 
bone microarchitecture.

Treatment

His initial management consisted of non-opioid analgesia, 
vitamin D replacement and insulin optimisation to 
prevent further episodes of hypoglycaemia. Zoledronic 
acid (5 mg) was administered intravenously for fracture 
prevention after he was vitamin D replete.

Outcome and follow-up

Fourteen months later, the patient re-presented with back 
pain, following another hypoglycaemic seizure, which 
occurred in his sleep. Repeat spine imaging revealed 
a new fracture of the L1 vertebra. Given the recurrent 
fracture despite anti-resorptive therapy, consideration 
was given to teriparatide, an anabolic agent, for the 
treatment of his severe osteoporosis. Continuous glucose 
monitoring was also organised to better delineate his 
nocturnal glycaemic pattern, in a bid to reduce further 
hypoglycaemic episodes.

Discussion

The link between bone health and T1DM has garnered 
increasing attention in recent years. Meta-analyses 
of observational studies have reported a threefold to 
sevenfold increased risk of hip fracture in individuals 
with T1DM, compared to controls (2, 3). T1DM is an 

established cause of secondary osteoporosis and the 
pathogenesis of fracture in this population appears to 
be multifactorial (Table  2). T1DM is characterised by a 
state of hypoinsulinaemia and insulin-like growth factor 
(IGF-1) deficiency. This has been postulated to impair 
osteoblast function, giving rise to a low bone-turnover 
state (4, 5, 6). Peak bone mass is acquired at puberty and 
accrued by the third decade of life. The development of 
T1DM in childhood may interfere with peak bone mass 
accrual, such that individuals may have reduced bone 
mineral density (BMD) in adulthood. Advanced glycation 
end products (AGEs) from chronic hyperglycaemia can 

Figure 2
(A) Toluidine blue stain at ×40 showing reduced numbers, abnormal shapes, thinning and reduced connectivity of the bony trabeculae. (B) Toluidine 
blue stain at ×40 showing an area of relatively normal trabecular bone formation in the patient. (C) Von Kossa stain for calcium at ×100 showing a 
normal small smooth segment of osteoid on the surface of normally calcified bone.

Table 2  Mechanisms of fracture in individuals with type 1 

diabetes mellitus.

Reduced bone mass
•	 Insulin/IGF-1 deficiency
•	 Hypogonadism
•	 Nephropathy (CKD-MBD)
•	 Concomitant autoimmunity: Graves’ and coeliac disease
•	 Failure to achieve peak bone mass (childhood-onset T1DM)
Impaired bone quality and biomechanical properties
•	 Disrupted trabecular bone architecture
•	 Altered cortical bone geometry
•	 Hyperglycaemia: altered bone collagen matrix by AGEs
Increased risk of falls and trauma
•	 Neuropathy
•	 Retinopathy
•	 Hypoglycaemia
•	 Amputations
Other
•	 Vitamin D deficiency
•	 Chronic inflammation
•	 Family history of osteoporosis
•	 Smoking
•	 Genetic bone disorder, e.g. OI
•	 Corticosteroid use

AGEs, advanced glycation end products; CKD-MBD, chronic kidney disease 
mineral and bone disorder; IGF-1, insulin-like growth factor; OI, 
osteogenesis imperfecta.
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disrupt collagen matrix and impact negatively on bone 
biomechanical properties (5, 6, 7). Altered bone mineral 
metabolism is often seen with diabetic chronic kidney 
disease, and concomitant autoimmunity, such as thyroid 
and coeliac disease, may contribute to further loss of 
bone mass. Finally, the long-term sequelae of diabetes, 
including retinopathy, neuropathy and hypoglycaemia 
may contribute to reduced physical function and 
increased propensity to falls (4).

Hypoglycaemic seizures, such as in our patient, 
have been implicated in multilevel vertebral fractures 
in a few case reports (8, 9, 10). Compressive forces along 
the anterior and middle columns of the mid-thoracic 
kyphotic curve during seizure activity can lead to a 
unique dispersion of ‘flexion fractures’ in the upper to 
mid-thoracic vertebrae (8). These fractures are usually 
not clinically apparent; however, the reported prevalence 
of seizure-associated asymptomatic fracture is as high as 
15–16% (8, 9).

Clinical risk factors associated with fracture in 
patients with T1DM have not been well defined, although 
several studies have reported a consistent association of 
microvascular complications with increased fracture risk 
(5). Although BMD is typically used to predict fracture 
risk in the general population, it may underestimate 
fracture risk in patients with T1DM, especially in young 
adults in whom the use of fracture prediction tools has 
not been validated (11). Bone microarchitecture is an 
important determinant of bone quality and strength. 
Histomorphometric analysis is the gold standard for the 
evaluation of tissue-level bone activity (12); however, it is 
invasive and studies examining bone histology in humans 
with T1DM are limited. Novel imaging modalities such as 
trabecular bone score and HR-pQCT can provide indirect 
assessments of bone microarchitecture, which may be a 
useful adjunct to DXA, in the assessment of bone health 
in patients with T1DM.

Shanbhougue et  al. (13) demonstrated deficits 
in HR-pQCT-derived trabecular microarchitecture 
parameters at the ultradistal radius and tibia in adults 
with T1DM and microvascular disease, compared to age- 
and gender-matched non-diabetic controls. Our patient 
exhibited a similar pattern of bone microarchitecture 
disturbance on HR-pQCT, and bone histomorphometric 
findings were consistent with that observed in murine 
models of T1DM (14, 15).

This case study demonstrates recurrent fractures 
secondary to trauma from hypoglycaemic seizures 
underpinned by impaired bone microarchitecture, in 
a young adult with T1DM, with no other secondary 

causes of accelerated bone loss. While our patient was 
young, exhibited reasonable glycaemic control and had 
no microvascular complications, we postulate that the 
development of T1DM in early childhood may have had 
significant detrimental impacts on peak bone mass accrual 
and bone microstructure. To our knowledge, this is the 
first report correlating HR-pQCT and histomorphometric 
evidence of dysfunctional bone microarchitecture in a 
fracturing patient with T1DM.

Despite treatment with intravenous bisphosphonate, 
the patient sustained a new vertebral fracture after another 
hypoglycaemic seizure. This raises the importance of 
hypoglycaemia prevention in T1DM, particularly those 
with established osteoporosis. Recurrent hypoglycaemic 
episodes can diminish the sympathoadrenal response 
and lower the threshold at which symptoms occur (16). 
Patients with impaired awareness of hypoglycaemia are 
at risk of falls and trauma, and plain radiographs of the 
thoracolumbar spine should be considered to exclude 
occult fractures in high-risk patients, where appropriate. 
The use of continuous glucose monitoring sensors 
may aid in the detection of unrecognised nocturnal 
hypoglycaemia.

The optimal therapy for low BMD in young adults 
with T1DM has not been evaluated. Although post 
hoc analyses of randomised controlled trials have 
demonstrated similar efficacy of bisphosphonates in 
incrementing BMD in post-menopausal patients with 
type 2 diabetes mellitus and non-diabetic controls 
(17), this may not be applicable to a younger cohort 
with T1DM. Given that bone disease in T1DM is 
characterised by a low bone-turnover state, treatment 
with bisphosphonates may further suppress bone 
turnover in such patients. Anabolic agents, such as 
teriparatide, increase bone formation and may be an 
ideal therapy for patients with T1DM bone disease. 
Intermittent parathyroid hormone (PTH) therapy has 
been shown to increase trabecular bone volume in 
rodents with T1DM (18), but no such studies have been 
performed in humans thus far.

In conclusion, T1DM causes disruption to bone 
microarchitecture and matrix in several ways and 
can increase susceptibility to falls and trauma, from 
hypoglycaemia or microvascular complications 
(Table  2). Unrecognised hypoglycaemic seizures should 
be considered in patients with T1DM presenting with 
fractures without a history of trauma. The management of 
osteoporosis in a young adult with T1DM is challenging, 
and further research is needed to guide the optimal 
screening and management of bone health in T1DM.
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