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Childhood and adolescence are critical periods for bone development and peak bone mineral 
accrual.[1] An insult to the developing skeleton (chronic illness such as diabetes mellitus, 
inflammatory disorders, myopathies, malnutrition, dietary deficiencies, and medications such as 
glucocorticoids) can affect bone strength and increase fracture risk in the short- and long-term. 
The studies in adults with type 1 diabetes mellitus (DM) show an increased risk of fractures,[2] 
a modest reduction in bone mineral density (BMD),[3] and low bone turnover.[4] The studies in 
children with type 1 DM, on the other hand, show conflicting results primarily due to differences 
in study design and patient characteristics.

Ravishankar et al. have studied the prevalence of vitamin D deficiency, bone biochemistry, bone 
turnover markers, and BMD using dual-energy X-ray absorptiometry (DXA) in 37 children 
with type 1 DM and age-matched controls.[5] Children with type 1 DM were more likely to have 
vitamin D deficiency when compared to controls. However, there was no difference in the bone 
turnover markers or BMD between the two groups.

A recent meta-analysis of BMD and bone mineral content (BMC) in youth with type  1 DM 
included 2617  patients and 3851 matched controls. Patients with type  1 DM had lower BMD 
and BMC, measured by different modalities such as DXA, peripheral quantitative computed 
tomography (pQCT), and quantitative ultrasound.[6]

Another meta-analysis of nine studies reporting BMD Z-scores using DXA also showed a similar 
reduction in BMI in youth with type 1 DM.[7] However, it is important to note the heterogeneity 
of included studies in both meta-analyses regarding pubertal stage, gender, ethnicity of the 
children, and methods used to measure BMD, limiting extrapolation of the results to a broader 
group.

A caveat of DXA is the inability to distinguish between cortical and trabecular bone involvement. 
Because the two compartments are superimposed in DXA, the selective involvement of one can 
be missed. For example, the studies using pQCT, which can separate the two compartments, 
show low trabecular bone BMD in children with type 1 DM and normal or higher cortical BMD 
when compared to controls.[6]

Interestingly, in the present study, 38% of the children with type 1 DM were underweight, and 
24% were stunted. DXA results should be interpreted cautiously in children with short stature. 
The bone is a three-dimensional structure. However, DXA is a two-dimensional projection that 
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measures the amount of mineral content in a given area of 
bone. Since areal BMD is affected by the size of the bones 
and the child, it can be falsely low in short children, while the 
converse is true in taller children.[8]

Several mathematical techniques of varying complexity 
have been developed to overcome this limitation. Height 
for age Z-scores adjusted BMC and BMD Z-scores can 
overcome the influence of stature on BMD measurements.[8] 
Furthermore, since DXA discounts the depth of bone in its 
measurements, it cannot estimate the true volumetric BMD 
(vBMD). However, vBMD can be calculated from the DXA 
data by estimating the approximate depth of the bone. The 
bone mineral apparent density thus derived has been shown 
to correlate with fracture risk.[9] The three-step “Mølgaard” 
model is an additional technique that we routinely use to 
adjust BMC and BMD for the size of the child; it takes into 
account the (a) height for age, (b) bone area for height, and 
(c) BMC for the bone area. This helps distinguish the effects 
of stature, bone size, and lightness on BMD.[8] Since there 
is a strong correlation between lean body mass (LBM) and 
bone mass, BMC adjusted for LBM is particularly useful in 
conditions like spinal muscular atrophy where sarcopenia can 
confound BMD measurement.[8] While no particular method 
can be recommended over the other, it is vital to remember 
the limitations of DXA in certain situations and use size-
adjusted DXA data to make critical clinical decisions.

For the clinician, fracture risk is a more relevant outcome 
of interest. Unfortunately, there are insufficient data in 
the literature. A  population-based cohort study from the 
United  Kingdom reported a hazard ratio of 1.14  (95% CI 
1.01–1.29) for fractures in males and 1.35 (95% CI 1.12–1.63) 
in females with type 1 DM between 0 and 19 years of age.[10] 
The studies in the future, therefore, should include fracture 
incidence as an outcome measure to shed more light on this 
crucial aspect. While long bone fractures have a dramatic 
clinical presentation, vertebral fractures can be insidious and 
overlooked if not actively screened. DXA-based vertebral 
fracture assessment (VFA) can provide valuable information 
about the axial skeletal involvement.[11]

With the increasing global incidence of type  1 diabetes, 
physicians need to recognize the musculoskeletal 
complications that can arise in this setting and proactively 
implement measures to improve musculoskeletal health.[12]

Accumulating evidence suggests that type  1 DM adversely 
affects the musculoskeletal system in children. However, 
there are many unknowns, and available literature is not 
robust enough to recommend routine DXA measurements in 
the absence of fractures, to assess bone health in children and 
adolescents with type 1 DM outside a research setting.

Modifiable factors that improve musculoskeletal health, such 
as correcting vitamin D deficiency, ensuring adequate dietary 

calcium intake, and encouraging regular physical activity, 
should be optimized in all children with type  1 DM.[13] 
Disease-specific targets such as achieving glycemic control 
and managing comorbid conditions such as celiac disease 
and hyperthyroidism are also crucial to improving bone 
health.

We would like to stress that the diagnosis of osteoporosis in 
children and adolescents should not be based on the results 
of DXA measurements alone. A  BMC/BMD Z-score of 
more than –2.0 does not rule out the possibility of skeletal 
fragility and increased risk of fracture and a Z-score of 
<–2.0 does not confirm osteoporosis and should not be 
used for commencing bone-strengthening medications (e.g., 
bisphosphonates). On the contrary, osteoporosis in children 
and adolescents is defined as follows: In the absence of high 
energy trauma (a) two or more long bone fractures by the age 
of 10 years, (b) three or more long bone fractures by the age 
of 19 years, or (c) one or more vertebral crush fractures.[14] 
The occurrence of long bones fractures can be elicited from 
history but, not all children with vertebral fractures will 
present with pain and, therefore, it is our practice that during 
DXA measurements, we always perform lateral DXA imaging 
of the spine, which provides higher resolution images with 
very low radiation compared to standard lateral spine 
radiographs. Taking the above points into consideration, in 
both clinical and research settings, DXA measurements in 
children and adolescents should be accompanied by a history 
of long bone fractures and VFA, preferably using DXA so 
that a diagnosis of osteoporosis could be made.

REFERENCES

1.	 Bailey DA, McKay HA, Mirwald RL, Crocker PRE, 
Faulkner RA. A six-year longitudinal study of the relationship 
of physical activity to bone mineral accrual in growing 
children: The University of Saskatchewan Bone Mineral 
Accrual Study. J Bone Miner Res 1999;14:1672-9.

2.	 Wang H, Ba Y, Xing Q, Du JL. Diabetes mellitus and the 
risk of fractures at specific sites: A  meta-analysis. BMJ Open 
2019;9:e024067.

3.	 Shah VN, Harrall KK, Shah CS, Gallo TL, Joshee P, Snell-
Bergeon JK, et al. Bone mineral density at femoral neck and 
lumbar spine in adults with type  1 diabetes: A  meta-analysis 
and review of the literature. Osteoporos Int 2017;28:2601-10.

4.	 Hygum K, Starup-Linde J, Harsløf T, Vestergaard P, 
Langdahl  BL. Mechanisms in endocrinology: Diabetes 
mellitus, a state of low bone turnover a systematic review and 
meta-analysis. Eur J Endocrinol 2017;176:R137-57.

5.	 Kumar RA, Delhi Kumar CG, Sahoo J. Evaluation of bone 
mineral density in children with type  1 diabetes mellitus 
cross-sectional case-control study. J Pediatr Endocrinol Diabet 
2022;2:9-13.

6.	 Loxton P, Narayan K, Munns CF, Craig ME. Bone mineral 
density and type  1 diabetes in children and adolescents: 
A meta-analysis. Diabetes Care 2021;44:1898-905.



Perumal and Padidela: DXA scan in children with type 1 diabetes

Journal of Pediatric Endocrinology and Diabetes • Volume 2 • Issue 1 • January-April 2022  |  6

7.	 Zhu Q, Xu J, Zhou M, Lian X, Xu J, Shi J. Association between 
type 1 diabetes mellitus and reduced bone mineral density in 
children: A meta-analysis. Osteoporos Int 2021;32:1143-52.

8.	 Crabtree NJ, Arabi A, Bachrach LK, Fewtrell M, El-Hajj 
Fuleihan G, Kecskemethy HH, et al. Dual-energy X-ray 
absorptiometry interpretation and reporting in children and 
adolescents: The revised 2013 ISCD pediatric official positions. 
J Clin Densitom 2014;17:225-42.

9.	 Goulding A, Jones IE, Taylor RW, Williams SM, Manning PJ. 
Bone mineral density and body composition in boys with 
distal forearm fractures: A dual-energy X-ray absorptiometry 
study. J Pediatr. 2001;139:509-15.

10.	 Weber DR, Haynes K, Leonard MB, Willi SM, Denburg MR. 
Type 1 diabetes is associated with an increased risk of fracture 
across the life span: A  population-based cohort study using 
The Health Improvement Network (THIN). Diabetes Care 
2015;38:1913-20.

11.	 Ward LM, Weber DR, Munns CF, Högler W, Zemel BS. 
A  contemporary view of the definition and diagnosis of 

osteoporosis in children and adolescents. J  Clin Endocrinol 
Metab 2020;105:dgz294.

12.	 Mobasseri M, Shirmohammadi M, Amiri T, Vahed N, 
Fard HH, Ghojazadeh M. Prevalence and incidence of type 1 
diabetes in the world: A systematic review and meta-analysis. 
Health Promot Perspect 2020;10:98-115.

13.	 Weaver CM, Gordon CM, Janz KF, Kalkwarf HJ, Lappe JM, 
Lewis R, et al. The National Osteoporosis Foundation’s position 
statement on peak bone mass development and lifestyle factors: 
A  systematic review and implementation recommendations. 
Osteoporos Int 2016;27:1281-386.

14.	 ISCD. Skeletal Health Assessment in Children from Infancy 
to Adolescence. Available from: https://iscd.org/learn/official-
positions/pediatric-positions [Last accessed on 2022 Mar 04].

How to cite this article: Perumal NL, Padidela R. Bone health assessment 
in children with type 1 diabetes using dual-energy X-ray absorptiometry 
scans: What is known and the way forward. J Pediatr Endocrinol Diabetes 
2022;2:4-6.


