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ABOUT THE STUDY
Type 1 diabetes (T1D) is associated with poor bone quality and
the risk of fractures [1]. Therefore, it is important to study
osteoporosis prevention in women with T1D. This cross-
sectional study investigated heel Bone Mineral Density (BMD)
using Quantitative Ultrasonography (QUS) and bone metabolic
marker levels in pre-and postmenopausal women with T1D
compared to those in controls [2]. QUS is performed mainly at
the heel, providing an estimate of BMD, thus reflecting bone
mass. QUS confirms an increase in BMD detected using dual-
energy X-ray absorptiometry (DXA) in patients with type 2
diabetes (T2D). Moreover, QUS may also be used to evaluate
bone quality [3], decreases in which are associated with increased
fracture risks in elderly women with diabetes. In a recent study,
the lumbar spine, total hip, and femoral neck BMDs were
similar, and only the forearm and heel BMDs may have been
lower in those with T1D than those in controls [4]. However,
heel DXA is rarely performed in Japan. QUS was also used to
assess heel BMD in the Japanese Population-based Osteoporosis
study [5]. Most QUS devices measure broadband ultrasound
attenuation (BUA) and speed of sound (SOS). The AOS-100NW
measures the SOS and transmission index (TI), an attenuation-
related parameter, and provides a derived parameter, the osteo-
sono-assessment  index  (OSI): OSI＝TI × SOS2  [6].  The  TI  is
an indicator of BUA and bone density; thus, the OSI is more
correlated with BMD than BUA and the OSI and reflects the
Young's modulus (longitudinal elasticity constant) [7]. Unlike
conventional bone metabolism markers that indicate bone
metabolites, tartrate-resistant acid phosphatase-5b (TRACP-5b)
[8] and whole parathyroid hormone (wPTH) [9] are sensitive
markers that show bone metabolic activity and are not affected
by renal function; thus, pre- and postmenopausal pathological
conditions may be compared. We examined heel BMD and bone
metabolic markers in pre- and postmenopausal women with
T1D with equivalent diabetes durations. In Japanese individuals,
the use of osteoporosis drugs is delayed. Since vitamin D is rarely
taken as a supplement, patients taking osteoporosis drugs and

supplements were also excluded as having effects on bone
metabolism. There were no cases of 25(OH) D sufficiency [2]. In
the premenopausal period, the average vitamin D intake was 5.5
μg/day, meeting the national nutrition intake standard, but in
2020, the standard vitamin D intake for adults was revised to 10
μg/day. The average Body Mass Index (BMI) in Japanese women

the BMI was comparable; however, the energy intake in
postmenopausal women with T1D exceeded the energy output
of standing work activities (35 Kcal/body weight, Kcal/day).
Only postmenopausal women with T1D had significantly higher
nutrient intakes than those in postmenopausal controls [2]. In
this study, dialysis cases with large effects on bone metabolism
and cases of secondary osteoporosis (per the Fracture Risk
Assessment Tool) [10] were excluded. Therefore, in
premenopausal women with T1D, the estimated glomerular
filtration rate was significantly higher than that in controls,
likely because of early-stage renal hyperfiltration [11], as calcium
may be washed away in urine. Premenopausal women with T2D
have lower bone turnover compared to non-diabetic controls
[12]. In our study, the wPTH levels in pre- and postmenopausal
women with T1D were significantly lower than those in
individually controls due to high blood glucose levels. In
premenopausal women with T1D, wPTH levels were decreased,
but levels of TRACP-5b, a bone resorption marker, were
increased; therefore, bone-specific alkaline phosphatase and
osteocalcin (bone formation markers) levels were not increased
relative to those in controls. Bone formation marker levels were
comparable to control levels, but only in premenopausal women
with T1D, a significant increase in TRACP-5b levels resulted in
an imbalance in bone metabolism. Oxidative stress levels might
explain the higher TRACP-5b levels in premenopausal women
with T1D [13]. The characteristics of T1D include
hyperglycemia, blood glucose glycemic variability, insulin
deficiency, and decreased physical activity. The lower BMD in
patients with T1D in the premenopausal period remains
unexplained. Heel BMD contributes less to prognosis than
lumbar spine and femoral neck BMDs. QUS may yield a large
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is 22 kg/m2 . In  our  study, energy  intake was generally low, and



error unless the heel is wiped with alcohol-soaked cotton to
remove dirt and moistened and the heel’s angle is adjusted
accurately during measurement. Considering that heel BMD is
different from lumbar spine and femoral neck BMDs, T1D-
associated osteoporosis is largely associated with bone quality,
and heel BMD correlates with the step [14] and pulse wave
velocity [15]; therefore heel BMD should be measured frequently
if possible.
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