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Purpose. Bone mineral density (BMD) was measured in uncomplicated young adult patients with type 1 diabetes mellitus (T1DM)
and sex- and age-matched controls, using both dual X-ray absorptiometry (DXA) and quantitative computed tomography (QCT)
to investigate their diagnostic ability in detecting abnormal values in these patients.Methods. 118 patients with T1DM (65 females,
mean age 30:12 ± 8:78 years) and 94 sex- and age-matched controls were studied. BMD was assessed in all participants by DXA
and QCT at lumbar spine (LS). Biochemical markers of bone metabolism were also measured. Results. T1DM was associated with
lower BMD at L1-L3 vertebrae measured by both DXA and QCT and lower bone turnover compared to sex- and age-matched
controls. In T1DM subjects, QCT detected more patients with abnormal BMD values compared to DXA. BMI and HbA1c
levels were the only determinants of BMD. Bone turnover markers were lower in patients with longer duration of diabetes.
Conclusion. QCT provides a higher sensitivity compared to DXA in detecting abnormal BMD values in patients with
uncomplicated T1DM. In these patients, the diabetes-related decreased BMD may be present early, before it is detected by
DXA, the clinical gold standard for BMD measurements, and before the presence of any other diabetes complications, stressing
the importance of an early intervention for fracture prevention.

1. Introduction

Current evidence suggests that type 1 diabetes mellitus (T1DM)
affects bone health and is a risk factor for osteoporosis and oste-
oporotic fractures [1–4]. The overall and hip fracture risk is esti-
mated to be threefold to sixfold higher compared to the general
population, applies to both sexes and all ages, and is observed
early on in life and maintained throughout [4–6]. Low bone
mineral density (BMD) is considered to be one of themajor risk
factors for fractures at the spine and hip, and T1DM patients
found to have reduced BMD, compared to nondiabetic individ-
uals [5]. Even more, studies in children with T1DM found that
a low for age BMD may be present early, after the diagnosis of
the disease [7]. However, the increased fracture risk observed in

patients with T1DM is much higher than expected based on the
BMD indicating that BMD, routinely measured by dual X-ray
absorptiometry (DXA), underestimates fracture risk in patients
with T1DM especially in young adults [4].

DXA, the gold standard for measuring BMD, is simple to
perform, not dependent on operator skills and experience,
and is highly reproducible and with low radiation exposure
[8], but it only measures BMD as an area density (two-
dimensional method, 2D) without being able to differentiate
between cortical and trabecular bone. Thus, it only measures
the quantity of the bone and does not provide accurate
information about bone integrity and microarchitecture [9].

Quantitative computed tomography (QCT) is a three-
dimensional imaging technique that is also used for BMD
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measurements. Most commonly, it is applied to the spine,
where typical lumbar vertebral elements are evaluated, but
other skeletal sites such as the hip and the forearm can also
be measured [10]. It provides multiplanar images from direct
bonemeasurements, without the interference of the surround-
ing soft tissues, and thus, it allows direct measurements of
bone’s volume which is expressed directly as bone density
[10]. Additionally, it has the ability to measure and distinguish
trabecular from cortical bone and determine bone geometry,
and therefore, QCT can identify vertebral fractures better than
DXA [11, 12]. Moreover, QCT BMD measurements of the
lumbar spine are independent of the subject’s body size, in
contrast to DXA measurements that are areal and are affected
by the body size, and thus, QCT is considered a better tool for
BMD evaluations in children and young adults, as well as for
those with different statures and extreme BMIs [13–15].

Additional and more detailed information about bones’
condition could be attained combining DXA and QCT for
BMD measurements. Indeed, in studies in postmenopausal
women with idiopathic osteoporosis, in patients with chronic
obstructive pulmonary disease, in anorexia nervosa, and in
patients who had bariatric surgery, the above-mentioned pro-
jecting errors of DXA were surpassed with the combined use
of QCT for BMD measurements [16–19]. Even more, with
the addition of QCT, low bone mass was detected early on
allowing an earlier intervention and treatment when necessary.

T1DM is mainly diagnosed in childhood and in young
adults. BMD changes can occur early in these patients, and
considering that as much as 30% of adult bonemass is acquired
during puberty [20], it is important to be able to diagnose and
manage any bone changes right in the beginning in order to
reduce fracture risk and its lifelong burden. However, BMD
evaluations by DXA in children and young adults have its lim-
itations due to their small body size, and the use of QCT might
offer additional information. Data on the QCT measurements
of bone density in lumbar spine are limited both in children
[21] and in young adults [22] with T1DM. In patients with
T1DM, mainly, peripheral QCT (pQCT) has been used in ado-
lescent [23–25] and adult [26] populations to study bone
geometry and BMD at peripheral sites. Studies where both
methods were used for BMD measurements of the axial skele-
ton in this population are lacking. The aim of the current study
was to examine BMD in uncomplicated young adult patients
with T1DM and sex- and age-matched controls, using both
DXA and QCT, and to assess the ability of these two methods
in detecting abnormal values in these groups.

2. Materials and Methods

2.1. Patients. The study was designed as a single-center, case-
control study. One hundred and eighteen (118) patients, 55%
females, (65/118), with T1DM for more than 5 years, with an
age range between 20 and 40 years old (mean age 30:12 ±
8:78 years), and without micro- or macrovascular complica-
tions were studied (T1DMG). Patients were recruited for the
study from our outpatient clinics. Patients on corticosteroid
treatment, with inflammatory diseases such as rheumatoid
arthritis, malnutrition, renal failure (eGFR < 60ml/min), or
any other cause of secondary osteoporosis, were excluded from

the study. Ninety-four (94) healthy subjects, matched for age,
gender, and body mass index (BMI), were recruited from the
university and hospital staff and formed the control group
(CG). None of the female study participants was pregnant or
postmenopausal. All participants were Caucasian. Signed
informed consent forms were obtained from all individual par-
ticipants included in the study. The study was approved by the
hospital’s ethical committee.

2.2. Bone Measurements

2.2.1. DXA Examination. A Hologic Discovery QDR Series
Densitometer (Hologic Inc., Bedford, MA) was used in our
study to measure BMD in all participants at lumbar spine
(LS). The device was daily calibrated for quality control,
and the coefficient of variation (CV) for the spine phantom
was 1.08%. Absolute values of BMD (in g/cm2) and, due to
the young age of the participants, the Z-score were mea-
sured. Total LS BMD (L1-L4) was calculated, and for ROI
selection, we compared L1, L2, and L3 vertebrae separately
with the corresponding measurements from QCT. Based
on the definition of the International Society for Clinical
Densitometry (ISCD), a Z-score of -2.0 or lower was defined
as “below the expected range for age”, and a Z-score above
-2.0 was “within the expected range for age” [8]. Areas of
sclerosis or osteophytes were excluded from the analysis.

2.2.2. QCT Examination. A Toshiba (Tokyo, Europe) Aqui-
lion 16-slice-computed tomography device and a solid QCT
phantom (Mindways Software Inc., Austin, TX, USA) were
used for the QCT measurements. Scan parameters were
120 kV, 100mAs, and 1mm slice thickness. Daily calibra-
tions for quality control were performed, and the CV for
the phantom was 3:8 ± 2:2%. For 2D single-slice QCT, gen-
erally, three lumbar vertebrae are scanned, usually the L1-L3.
Initially, a lateral scan projection radiograph is obtained, and
the slices to be performed are identified in the midplane of
each selected vertebra and parallel to the endplates; the slice
width is 10mm, and the low-density area in the posterior
aspect of the body marks the entry of the basivertebral vein
and confirms the section to be in the midplane of the verte-
bra [10]. In our study, the phantom was placed on the mid-
line in the thoracolumbar region, and the images taken were
examined for any loss of vertebral height or wedge defor-
mity, compatible with osteoporotic fracture, which together
with any vertebral osseous lesions were excluded from the
10mm-thick nonangled reconstructions that were made
through the center of each L1-L3 vertebra.

For trabecular BMD measurements a software package,
QCT PRO 4.2.3, was used in the present study, and an oval
region of interest (ROI) was placed in the trabecular bone at
the anterior part of three vertebral bodies (L1-L3), according
to ISCD for single-slice QCT [8], excluding areas of sclerosis
and the area of the basivertebral vein and the vertebral cor-
tex. Based on the recent (revised in 2018) ACR guidelines for
premenopausal women, men younger than 50, and children,
QCT reports should include BMD values and Z-scores. Z
-scores above -2.0 are within the expected range, and Z
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-scores of -2.0 or lower are considered to be below the
expected range for age [27].

In all subjects, the DXA and QCT measurements were
performed on the same day.

2.3. Anthropometric Characteristics and Biochemical Assays.
Body weight was measured to the nearest 0.1 kg with patient
in light clothing and shoes removed. Height was measured
using a wall-mounted stadiometer and recorded to the near-
est 0.1 cm. BMI was calculated as kg/m2.

Blood samples were collected at fasting conditions for
beta-crosslaps (β-crosslaps) as a measure of bone resorption
and total procollagen type 1 amino-terminal propeptide
(TP1NP) as a measure of bone formation and stored at
−80°C until analysis. Both markers were measured by using
the enzyme-linked immunosorbent assay (Elisa) (Elecsys
1010/2010/MODULAR ANALYTICS E170). Glycosylated
hemoglobin (HbA1c) was measured by capillary electropho-
resis (Capillarys 2 Flex Piercing, Sebia, Lisses, France) at our
hospital’s laboratory of biochemistry.

2.4. Statistical Analysis. Categorical variables are reported as
absolute numbers; continuous variables were reported as
means ± standard deviations (mean ± SD). Comparison of
frequencies of categorical variables between two groups was
performed by the χ2 test or Fisher’s exact test in case of small
frequencies. Comparison of continuous variables between two
groups was performed using two-sample independent samples
t-test, when data were normally distributed, and by Mann–
Whitney U-test, in other cases. Two tailed p values <0.05 were
considered significant. Pearson’s correlation analyses were used
to assess the univariate relationship between BMD and risk fac-
tors. A value of p < 0:05 was considered as statistically signifi-
cant. All data analysis was conducted using the SPSS version
25 (IBM SPSS Statistics for Windows, Armonk, NY, USA).

3. Results

Anthropometric characteristics, HbA1c values, and gender
distribution of T1DMG and CG subjects are presented in
Table 1. There was no difference in age, gender, and BMI
between the two groups. In T1DMG, mean age of diabetes
diagnosis was 19:17 ± 9:80 years, mean disease duration
was 16:16 ± 9:56 years and mean Hb1Ac was 7:85 ± 1:43%.

Results of BMD measurements by DXA are shown in
Table 2. Absolute values of BMD (g/cm2) measured by DXA
were significantly lower at total LS (p = 0:018) and at L1
(p = 0:004), L2 (p = 0:019), and L3 (p = 0:020) vertebrae, in
T1DMG compared to CG.Males with T1DMhad significantly
lower BMD values at above sites compared to sex-matched
controls, in contrast to females which these reduced BMD
values did not reach statistical significance.

Results of BMD measurements by QCT are shown in
Table 3. QCT BMD measurements in T1DMG were signifi-
cantly lower at all examined vertebrae (L1, L2, and L3)
compared to CG (p = 0:011, p = 0:017, and p = 0:002, respec-
tively). Males with T1DM had significantly lower BMD values
compared to controls in all vertebrae (L1: p = 0:001, L2: p =
0:001, and L3: p ≤ 0:001). In contrast, in females, no difference

was observed in BMDmeasurements between the two groups at
all vertebrae (L1: p = 0:848, L2: p = 0:745, and L3: p = 0:504).

On a per-patient basis, Table 4 shows the ability of DXA
and QCT to detect abnormal values in the LS of all patients
and both sexes separately. In T1DMG, QCT detected overall
more patients with BMD values below the expected range
for age (Z-score, below -2.0) compared to DXA (Z-score,
below -2.0). In particular, QCT detected 11 patients (9.2%)
at L1, 9 patients (7.6%) at L2, and 10 patients (8.4%) at L3
vertebra Z-score below -2.0. DXA detected 3 patients
(2.5%) at L1, 2 patients (1.7%) at L2, and 4 patients (3.4%)
at L3 vertebra with Z-score below -2.0. In the CG, all sub-
jects had Z-scores above -2.0 at all sites measured by both
DXA and QCT.

3.1. Bone Markers. Results of bone markers are shown in
Table 1. β-Crosslap values were significantly lower in
T1DMG compared to CG (p = 0:001), and this difference
occurred in both sexes (males: p = 0:028 and females: p =
0:005). TP1NP values in T1DMG were similar compared
to CG (p = 0:178). TPINP values were also similar for males
and females with T1DM compared to controls (males: p =
0:589; females: p = 0:392).

3.2. Determinants of BMD in Patients with T1DM. Ιn
T1DMG, there was a statistically significant positive correla-
tion between BMI and Z-scores, measured by DXA at LS
(r = 0:236, p = 0:010), as well as between BMI and BMD
measured by QCT (L1: r = 0:321, p = 0:024; L2: r = 0:041, p
= 0:031; L3: r = 0:041, p = 0:035). HbA1c levels in T1DMG
were negatively correlated with QCT BMD measurements
at all vertebrae (L1: r = −0:262, p = 0:011; L2: r = −0:253, p
= 0:014; L3: r = −0:221, p = 0:034). No correlation was
found between HbA1c and DXA-measured BMD. No statis-
tically significant correlation was found between age, age at
diabetes diagnosis, and duration of diabetes with either
DXA or QCT measurements.

In T1DMG, both β-crosslaps and TP1NP were signifi-
cantly and negatively correlated with the duration of diabetes
(r = −0:378, p ≤ 0:001 and r = −0:322, p = 0,003, respectively).
Age at diabetes diagnosis was significantly negatively corre-
lated with TP1NP (r = −0:223, p = 0:040). Negative correla-
tion was found between β-crosslaps and total BMD,
measured by DXA in T1DMG, at LS (r = −0:302, p = 0:012).
In addition, negative correlation was found between β-cross-
laps and L1, L2, and L3 measured by QCT (L1: r = −0:327, p
= 0:023; L2: r = −0:299, p = 0:036; L3: r = −0:411, p = 0:029).
No correlation was found between both markers and either
BMI or HbA1c.

4. Discussion

To our knowledge, this is the first study assessing BMD
using both DXA and QCT in patients with T1DM. Our data
show that patients with T1DM have a lower BMD at LS,
measured by both DXA and QCT and lower β-crosslaps in
comparison to sex- and age-matched controls. In T1DM
subjects, QCT detected more patients with abnormal BMD
values, a major determinant of the fracture risk in later life,
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compared to DXA. BMI was the only determinant of BMD,
measured by both DXA and QCT, and HbA1c was a determi-
nant only for QCT measured BMD. Bone turnover markers
were lower in patients with longer duration of diabetes.

Our findings on DXA-measured BMD are in line with the
findings of two meta-analysis that also reported a modestly
lower LS BMD compared to controls when adjusted by age,
sex, and DXA techniques [4, 28]. In contrast, in another
meta-analysis by Pan et al. [29], pooled differences in BMD
at LS were not different between patients with T1DM and con-
trols. In this meta-analysis, though, a mixed population with

studies in children, adolescents, and adults with T1DM was
included and is possible, the age differences of the subjects,
the variable pubertal stages, and the different DXA instru-
ments used, might explain the different findings from our
study, where uncomplicated young adults with T1DM were
studied using the same DXA instrument.

In our study, QCT BMD measurements of LS were also
lower in patients with T1DMcompared to controls. Moreover,
QCT detected more patients with abnormal BMD values of
the L1-L3 vertebrae compared to DXA. DXA measurement
technique has methodological problems and disadvantages.
DXA is a 2D technique, and the given BMD includesmeasure-
ments of the cortical and the trabecular bone of the vertebral
body and the posterior elements and is dependent on bone
size. Thus, the sensitivity of the method is decreased, especially
when assessment of the small changes occurring in the meta-
bolically active trabecular bone is needed [30]. Different
attempts have been proposed in the literature to eliminate
the DXA methodological disadvantages, either by calculating
apparent volumetric BMD [31] or by using a DXA-based
3D-modelling of the spine [32], but such approaches have
not been included in our initial study design. In contrast to
DXA, QCT estimates a portion of the trabecular bone inside
the vertebral body. Vertebral BMD using QCT was previously

Table 2: LS measurements by DXA in the study population and gender distribution.

Variable
All Males Females

T1DM
(n = 118)

CG
(n = 94) p

T1DM
(n = 53)

CG
(n = 42) p

T1DM
(n = 65)

CG
(n = 52) p

LS

Total
BMD (g/cm2) 1:06 ± 0:13 1:10 ± 0:14 0.018 1:05 ± 0:13 1:12 ± 0:15 0.004 1:06 ± 0:13 1:07 ± 0:13 0.654

Z-score 0:11 ± 1:25 0:65 ± 1:22 0.001 −0:20 ± 1:24 0:64 ± 1:41 0.002 0:36 ± 1:20 0:66 ± 1:04 0.285

L1
BMD (g/cm2) 1:01 ± 0:13 1:06 ± 0:14 0.004 1:01 ± 0, 12 1, 09 ± 0, 15 0.006 1:00 ± 0:13 1:03 ± 0:12 0.710

Z-score 0:10 ± 1:23 0:65 ± 1:23 0.001 −0:29 ± 1:18 0:49 ± 1:4 0.003 0:42 ± 1:17 0:81 ± 1:01 0.241

L2
BMD (g/cm2) 1:08 ± 0:13 1:11 ± 0:14 0.019 1:07 ± 0:12 1:14 ± 0:15 0.014 1:08 ± 0:14 1:09 ± 0:12 0.355

Z-score 0:43 ± 1:27 0:90 ± 1:25 0.006 0:04 ± 1:18 0:83 ± 1:45 0.003 0:75 ± 1:26 0:97 ± 1:03 0.303

L3
BMD (g/cm2) 1:08 ± 0:14 1:12 ± 0:15 0.020 1:07 ± 0:13 1:15 ± 0:16 0.010 1:09 ± 0:13 1:10 ± 0:14 0.987

Z-score 0:15 ± 1:30 0:63 ± 1:33 0.007 −0:10 ± 1:28 0:72 ± 1:50 0.004 0:35 ± 1:29 0:55 ± 1:16 0.469

Data are expressed as mean ± SD; n: number of patients; BMD: bone mineral density; LS: lumbar spine; L1: lumbar vertebrae 1; L2: lumbar vertebrae 2; L3:
lumbar vertebrae 3.

Table 3: QCT-measured BMD and gender distribution.

Variable
QCT

All Males Females
T1DM
(n = 118)

CG
(n = 94) p

T1DM
(n = 53)

CG
(n = 42) p

T1DM
(n = 65)

CG
(n = 52) p

L1
BMD (g/cm3) 180:82 ± 34:90 192:83 ± 32:15 0.011 171:35 ± 39:86 199:53 ± 36:99 0.001 187:55 ± 29:98 188:54 ± 28:30 0.848

Z-score 0:0 ± 1:02 0:61 ± 1:12 ≤0.001 −0:43 ± 1:11 0:52 ± 1:31 ≤0.001 0:33 ± 1:57 0:74 ± 1:12 0.199

L2
BMD (g/cm3) 178:88 ± 34:07 189:64 ± 29:47 0.017 169:21 ± 38:39 195:37 ± 32:88 0.001 185:12 ± 25:92 186:76 ± 28:00 0.745

Z-score 0:19 ± 1:34 0:79 ± 1:18 0.005 −0:13 ± 1:24 0:78 ± 1:39 0.001 0:63 ± 1:15 0:89 ± 1:15 0.445

L3
BMD (g/cm3) 175:30 ± 34:05 189:11 ± 29:53 0.002 166:67 ± 37:53 193:19 ± 31:97 ≤0.001 182:34 ± 29:39 185:90 ± 27:34 0.504

Z-score −0:10 ± 1:21 0:57 ± 1:41 0.005 −0:34 ± 1:15 0:61 ± 1:39 0.002 0:24 ± 1:35 0:42 ± 1:02 0.432

Data are expressed as mean ± SD; n: number of patients; BMD: bone mineral density. L1: lumbar vertebrae 1; L2: lumbar vertebrae 2; L3: lumbar vertebrae 3.

Table 4: DXA and QCT ability to detect BMD values below the
expected range for age, per vertebra level, and gender distribution.

Z-score
≤ -2.0

All Males Females
DXA
(n = 9)

QCT
(n = 30)

DXA
(n = 5)

QCT
(n = 20)

DXA
(n = 4)

QCT
(n = 10)

L1 3 11 2 7 1 4

L2 2 9 1 6 1 3

L3 4 10 2 7 2 3

n: number of patients; L1: lumbar vertebrae 1; L2: lumbar vertebrae 2; L3:
lumbar vertebrae 3.
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studied only in 48 children and adolescences, with uncompli-
cated T1DM but a broad age range (5.2 to 19.6 years), and
found that a calculated index of cortical bone was slightly but
significantly lower in patients compared to controls, while tra-
becular BMD was not different [21]. More widely in T1DM,
pQCT has been used in studies in children, adolescents
[23–25, 33], and less often in adults [26, 34], to assess cortical
and trabecular bone characteristics of the distal radius and tibia
in an effort to determine the etiology of the observed increased
fracture risk. In these studies, all subjects with T1DM, children,
adolescents, and adults found to have a lower BMD compared
to controls. However, bone at these peripheral anatomical sites
is primarily cortical, and their BMD measurements by pQCT
are predominantly influenced by cortical bone. On the con-
trary, the axial skeleton is composed mostly of trabecular bone
that has a significantly higher metabolic turnover than the cor-
tical and is very susceptible to early and severe manifestations
of BMD changes. QCT is considered to be more sensitive in
monitoring disease and treatment-related BMD changes [10,
35]. Additionally, QCT is less susceptible to degenerative
changes of the spine and joints as well as to soft tissue calcifica-
tions [35]. These confounding factors which influence the
BMD measurement of both methods were minimized in our
study where adult healthy controls and patients of relatively
young age and uncomplicated T1DM were included.

The ability of both DXA and QCT to assess BMD changes
has been studied outside diabetes in different diseases. A study
in postmenopausal women showed that QCT at LS had a
greater diagnostic sensitivity than DXA to detect osteoporosis
[16], and in another one, inmale patients with chronic obstruc-
tive pulmonary disease, QCT BMDmeasurements found to be
more valuable in estimating bone loss of the LS, compared to
DXA [17]. Also, QCT found to be better than DXA in estimat-
ing bone loss of the LS among patients with spinal cord injury
[36]. The superiority of QCT, compared to DXA, in detecting
abnormal BMD in adult patients with T1DM was also found
in our study.

In our study, a BMD analysis by gender showed that a sig-
nificantly lower BMD, measured both by DXA and QCT, was
observed only in male patients with T1DM but not in females,
compared to controls. In the literature, reports have been var-
iable about sex differences in bone health in T1DM. In agree-
ment with our findings, a study dealing with bone mass and
structure in adolescences aged 12-17 years showed that boys
with T1DM were more affected than girls [24]. Moreover,
studies in adults with T1DM have shown that the reduction
in BMD was greater in men than that in women [37, 38].
Another study though, which included patients aged 6 to 20
years, found that girls with T1DM had significantly lower LS
and total body BMC than control girls, whereas no such differ-
ence was observed in boys [39]. The broad age range of the
subjects included in this study implies different stages of their
bone maturation which might have been responsible for these
findings. In our study, males and females with T1DMhad sim-
ilar age, BMI, age of diabetes diagnosis, diabetes duration, and
HbA1c. The differences in BMD between sexes may reflect a
different sex hormone impact on bone in the two genders. In
premenopausal females, estrogen adequacy could act protec-
tively on the skeleton against the detrimental effect of diabetes

[40]. On the other hand, in males with T1DM, the described
decline in the gonadal function, attributed defects caused by
diabetes either at the hypothalamic–pituitary–gonadal axis
or at testicular level, might also contribute to a negative effect
on bone health [41, 42].

Up to date, there is no agreement regarding the parame-
ters that determine BMD in patients with T1DM. Data in the
literature are inconclusive, and results are variable. Studies
have shown that T1DM is associated with a low bone turn-
over state, founding that CTX and osteocalcin were consis-
tently lower in patients compared to controls, indicating
that both bone resorption and formation are reduced [43,
44]. In a meta-analysis by Hygum et al., TP1NP was consis-
tently lower in patients with T1DM compared with controls,
but this difference did not reach significance [44]. In our
study, we also found a reduced bone resorption as indicated
by the lower β-crosslaps in patients with T1DM compared
to controls, but we found no difference in TP1NP between
patients and controls. In patients with T1DM, BMD also
found to be correlated with glycemic control in a few studies
[45, 46]. In our study, HbA1c was not correlated with the LS
BMD measured by DXA. Also previously in a meta-analysis,
in patients with T1DM, no association was found between
HbA1c and BMD measured by DXA at LS when controlling
for age, sex, and DXA instrument [28]. In our study though,
HbA1c was negatively correlated with QCT-measured BMD
at L1, L2, and L3 in patients with T1DM, which might be
explained by the superiority of QCT compared to DXA in
measuring changes occurring at trabecular bone which is
the predominant at vertebrae. However, a single HbA1c
measurement may not adequately reflect the effect of long-
term bone glycemic exposure and thus might not be able
to explain the detrimental effects of chronic hyperglycemia
on bone. In studies that included patients with microvascu-
lar diabetic complications, an indicator of chronic poor dia-
betic control, an association between the presence of
complications and the presence, and/or progression of a
decreased BMD were reported [4]. In our study, we excluded
patients with micro- and macrovascular diabetic complica-
tions, but we still did not find a correlation between poor
glycemic control and reduced BMD measured by DXA.
The age of T1DM diagnosis may be crucial for the acquisi-
tion of bone mass, and a diagnosis at an early age can be a
risk factor for smaller bone size [24]. But as previously
shown in the literature [28], we also did not find any corre-
lation between BMD, measured by both methods, and dura-
tion of diabetes. BMI is generally considered to play a
protective role on bones according to our findings and those
of some previous studies in the literature [4].

Our study has limitations. One limitation is that no vol-
umetric QCT measurements were obtained, because of the
CT software that was available. However, the single-slice
QCT BMD measurements that were obtained in our study
are of clinical significance and importance. Also, from a
DXA point of view, for patient’s classification except the
spine measurements, hip sites are also needed which are
not presented here. We used the L1-L3 for DXA measure-
ments because the hip region is a late responder to bone loss;
vertebral bodies are more sensitive to bone mineral changes
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compared to any other skeletal region as they are rich in tra-
becular bone, and thus, they are the preferred area for early
change detection and QCT comparison. Another limitation
is that we enrolled participants at a single urban academic cen-
ter, which may not be the representative of other sites. More-
over, a larger number of patients may be needed to specify
possible determinants of BMD measurements by both
methods. The strengths of our study are that all our patients
were young adults with uncomplicated T1DM of relatively
long duration and well matched with CG. Thus, we avoided
potential interference of puberty and diabetic complications
on bone accrual and density. Moreover, none of the women
included in the study was peri- or postmenopausal.

5. Conclusions

In conclusion, our findings indicate that QCT has a better
diagnostic ability in detecting lower BMD values compared
to DXA in young uncomplicated patients with T1DM. These
patients compared to matched controls have a lower BMD,
measured by both DXA and QCT, associated with a lower
bone turnover and BMI. Glycemic control was a determinant
only for QCT-measured BMD. Our data indicate that DXA,
the standard and widely available technique used routinely
tomeasure BMD, underestimates the reduced BMD, and there
are more patients with T1DM than those detected by DXA
who may be at risk of a fracture, even before the presence of
any other diabetes-related complications. Assessment and
management of reduced BMD in young patients with T1DM
are complex and challenging, and fracture prediction tools
are not validated. As these patients may present with BMD
changes early after the diabetes diagnosis, our study results
stress the need of a prompt therapeutic intervention, with
either lifestyle changes or pharmacologic therapy initiation,
for reducing fracture risk and the lifelong disease burden.
Moreover, as the two techniques measure different bone char-
acteristics, theymay be used as supplementary at an early stage
in T1DM patients to detect early bone changes.
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