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Abstract

Purpose: A relationship between Type 1 Diabetes Mellitus (T1DM) and an impaired bone quality is well known, although the pathogenesis of
this link is not yet clear. In this study we have investigated the bone status in young women with T1DM, using the Bone Quantitative Ultra-Sound
(bQUS) at the hand phalanges, a screening tool of osteoporosis. We preferred bQus to DXA because of the young age of the population recruited and
the easy accessibility of the device, although, recently, the absence of technology-specific guidelines has created uncertainty respect to the application
of bQUS results in the management of individual patients in clinical practice. However, in past, studies in vitro showed that bQUS parameters were
significantly associated with Bone Mineral Density (BMD), bone micro architecture and mechanical indices. In humans, bQUSparameters were found
to be associated with BMD as well, then this tool could discriminate and screen subjects and predict risk for future fracture.

Methods: A consecutive series of 55 young women affected by T1DM were recruited and subjected to phalangeal bQUS. The glycemic control,
estimated by HbA1c values, insulin requirement, major risk factors for osteoporosis, chronic diabetic complications and associated autoimmune
diseases were evaluated. Bone-QUS data obtained were compared with those of a group of matched healthy controls.

Results: The prevalence of osteoporosis in patients group is very small; however T1DM women showed worse ultrasonographic bone parameters
than healthy controls. Their data did not correlate to the age of patients, Body Mass Index (BMI), diabetes onset and duration of the disease and not
differ in relation to the presence of chronic diabetic complications and autoimmune diseases, kind of insulin administration and cigarette smoking.
Instead, significant correlations between ultrasonographic values and HbA1lc (negative correlation, p<0,05), insulin daily requirement (positive
correlation, p<0,02) and calcium dietary intake (positive correlation p<0,02) were found.

Conclusion: This study confirms the bone status alterations in T1DM, even in young women compared with healthy controls. The bone quality
is related to the glycemic control and insulin requirement, but not to the diabetes duration. Moreover, a low calcium dietary intake could worsen the
bone health status. Then, strategies to prevent and treat osteoporosis in people with diabetes should be applied: a diet rich in calcium, vitamin D
supplementation, exercise, healthy lifestyle, bone density test and an effective glycemic control should be encouraged in order to prevent diabetes-

induced osteoporosis.

The bQUS is a method easily accessible, low-cost, non-invasive, non-ionizing, that could be widely used for osteoporosis screening in young

patients with T1DM.
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Introduction

A relationship between Type 1 Diabetes (T1DM) and an
increased fracture risk is known.

An inadequate bone mass peak achievement in children with
pre pubertal onset diabetes has been proposed as a major factor
contributing to reduced bone quality and osteoporosis in later
life. In T1DM it was also been reported a negative calcium balance
as a result of hypercalciuria during periods of hyperglycemia,
functional hypoparathyroidism, vitamin D deficiency and
alterations in vitamin D metabolism [1].

Many studies showed that a poor glycemic control in patients

with T1DM is associated with osteopaenia and osteoporosis by
pro inflammatory cytokines like TNFa, which inhibits osteoblast
differentiation and activity, thus increasing osteoblast apoptosis
and by reactive oxygen species, which in turn can increase
osteoclast formation and activity [2-6].

The insulin anabolic effects on bone, often mediated by
Insulin-like Growth Factor-1 (IGF-1), are known [7]. In patients
with uncontrolled T1DM, the levels of free IGF-1 are low due
to increase of IGF-binding proteins, particularly IGFBP3 [8].
Furthermore, an intensive insulin therapy has been shown to
stabilize the Bone Mineral Density (BMD) in patients with T1DM

[9].
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The aim of this study was to analyze the bone status of a
group of young women with T1DM, by using an easily accessible
method, the Bone Quantitative Ultra-Sound (bQUS) at the hand
phalanges. The gold standard method recommended by the World
Health Organization for the diagnosis of osteoporosis is dual-X-
ray absorptiometry (DXA); using this method, osteoporosis is
defined by a BMD lower than -2.5 standard deviations (SD) of
the refer-ence BMD of Caucasian women aged 20-29 years. The
b-QUS is a method widely used, low-cost, non-invasive, non-
ionizing and obtained by a portable ultrasound and it could be
used when DXA is not available and/or when we want to avoid
ionizing radiation, such as in young patients. It uses the speed of
sound (SOS) as a principle to assess bone mass in the proximal
phalanges of the hand, a site sensitive to bone alterations and less
influenced by bone size [10-11].

Previous in vitro studies examining the relationship between
bQUS and bone properties found that SOS was closely related
to BMD [12-16]. Toyras et al. indicated that this relationship
was strong, with a coefficient of correlation (r) of 0.888 [17].
Significant correlations between SOS with microarchitecture
indices of the bone were also discovered. In humans, there were
significant correlations between bQUS indices and BMD values
at various body sites assessed cross-sectionally. The study of
Varenna et al. in 4832 Italian men aged 60-80 years found that
bQUS indices were significantly associated with history of hip
fracture and non-spinal fracture [18]. These observations from
cross-sectional studies were further validated by prospective
studies. In the Norfolk Cohort Study involving 14824 men and
women aged 42-82 years followed for 1.9 years, Khaw et al.
discovered that one SD decrease in ultrasound velocity translated
to a 60% increase in fracture risk in both genders [19].

Materials and Methods

Fifty-five pre-menopause women with T1DM, followed at the
Diabetes Center of Garibaldi Nesima Hospital in Catania, were
recruited.

The osteoporosis major risk factors were investigated:
cigarette smoking, deficient calcium diet, familiar history of
osteoporosis and/or osteoporotic fractures, personal history of
atraumatic fractures, gastro-intestinal diseases associated with
malabsorption, therapies influencing bone density, long periods
of amenorrhea (> 6 months) and premature ovarian failure (<
40 years). In particular, the calcium dietary intake was estimated
using a food diary. The patients had to write down each food and
beverage at the time it was consumed; we asked them not to alter
their usual eating habits. Calcium contents of the foods recorded
were analyzed using a nutritional assessment software program.
Food diaries are often used as gold standards for evaluation of
nutrients intake, also in estimation of calcium dietary intake [20-
24].

All patients (pts) were subjected to the macro-angiopathic
and micro-angiopathic chronic complications screening
by epiaortic trunks and lower limb arteries echo-doppler,
electrocardiography, microalbuminuria test, fundus oculi
examination and clinical evaluation of peripheral and autonomic
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neuropathy by monofilament test, and

cardiovascular autonomic function tests.

biothesiometry

Chronic thyroiditis, primitive hypoadrenalism and celiac
disease were also investigated.

Medium hbalc (hplc method) and medium total daily insulin
requirements (units/kg/die) of the last five years and the last
year were calculated, in order to estimate the glycemic control
and insulin needs.

Phalangeal bQUS (DBM Sonic Bone Profiler - IGEA) was
performed in all pts. A specific software automatically calculated
the Amplitude Dependent Speed of Sound (Ad-Sos), expressed in
m/s, and t-score and z-score values. Values of t-score < - 3.2 and
between - 3.2 and - 1 ds were used for diagnosis of osteoporosis
and osteopaenia respectively [10].

Thirty-six non-diabetic young women, selected among
medical and paramedical staff of the hospital and matched for
age, BMI, smoking habits, calcium intake and familiar history of
osteoporosis and without the major risk factors for osteoporosis,
were used as controls.

The statistical analysis was performed by the software
Statview. Descriptive data were expressed as mean * sd. Fisher’s
test was used to compare categorical variables. Student’s t test
for unpaired data was used to compare data with parametric
distribution. Data with non-parametric distribution and
differences between groups were analyzed with the Mann-
Whitney U-test. Correlations between variables were evaluated
by calculating the spearman’s coefficient.

Results

The mean age of the pts was 32 yrs (SD+8.16); the mean
diabetes duration was 18.2 yrs (SD #8.8) and in 23 pts it was
above 20 yrs; 32 pts had a pre- or peri-puberal diabetes onset; the
mean Body Mass Index (BMI) was 23.6 kg/mq (SD * 3.5) [Table
1].

The major risk factors for osteoporosis in pts group were
present as follows: 7 smokers, 7 pts with low calcium intake
(<1200 mg/die), 11 with familiar history of osteoporosis and/
or osteoporotic fractures, 2 with celiac disease (under gluten-
free diet). None of the pts practiced therapies that influence
bone density or interfere with calcium-phosphorus metabolism;
none referred long periods of amenorrhea or suffered from a
premature ovarian failure. In control group there are: 5 smokers,
5 with low calcium intake (<1200 mg/die), 8 with familiar
history of osteoporosis and/or osteoporotic fractures; all above
mentioned osteoporosis risk factors were absent (any significant
difference with the patients group).

The chronic complications screening in patients group
showed: 9 pts with peripheral atheromasia without significant
hemodynamic vascular stenosis; 28 with microangiopathy
complications: 10 with initial diabetic retinopathy, 10 with
positive microalbuminuria test, defined as albumin excretion
of 30-299 mg/24 hours, and 8 with both factors. Major chronic
complications (peripheral atheromasia with vascular stenosis,
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Table 1: Clinical characteristis of the women with T1DM and health controls recruited
Clinical characteristics women with T1DM n = 55 Mean (SD) Healt&::ﬁ;;;‘ =35 p
Age (years) 32.0(8.6) 31.7 (8.0) NS
Diabetes duration (years) 18.2 (8.8) -
BMI (Kg/mq) 23.6 (3.5) 23.1(5.6) NS
HbA1c of the last five years (mmol/mol) 61.0 (24.0) -
Hbalc of the last year (mmol/mol) 55.0 (13.1) -
Daily insulin requirement of the last five 0.7 (0.2) -
years (Ul/kg/die)
Daily insulin requirement of the last year 0.7 (0.3) -
(Ul/kg/die)
Frequency of osteoporosis risk factors women with TIDM n =55 Health women n = 35 p
n. (%) n. (%)
Smokers 7 (12.7%) 5(13.8) NS
Calcium dietary intake < 1200 mg/die 7 (12.7%) 5(13.8) NS
Familiar history of osteoporosis 11 (20.0%) 8(22.2%) NS
Personal history of atraumatic fractures - - NS
Celiac disease 2 (3.6%) - NS
Therapy influencing bone metabolism - - NS
Amenorrhea > 6 months - - NS
Chronic diabetes complications Women with TIDM n =55 n. (%)
Peripheral atheromasia 9 (16.4%)
Initial diabetic retinopathy 18 (32.7%)
Positive microalbuminuria 18 (32.7%)
Multiple daily injection 35 (63%)
Continuous subutaneous insulin infusion 20 (37%)

signs of ischemic cardiomyopathy and cerebropathy, advanced
and/or laser-treated diabetic retinopathy and diabetic
nephropathy) were absent, so also signs of diabetic neuropathy.
In addition, 24 pts had at least one autoimmune disease (chronic
thyroiditis in euthyroidism, celiac disease under gluten-free diet
and multiple sclerosis in pharmacological therapy).

Most of the pts practiced multi-injective insulin therapy
(multiple daily injection, MDI), while 20 of them practiced
continuous subcutaneous insulin infusion (CSII) by pump.

The mean hbalc of the last five yrs amounted to 7.7% (SD
+2.6) - 61 mmol/mol (SD * 24.0), while the mean value of the last
year was 7.2% (SD # 2.6) - 55 mmol/mol (SD +13.1).

The mean total daily insulin requirement of the last five yrs
amounted to 0.7 Ul/Kg/die (SD #0.2) and the last year was 0.7
Ul/kg/die (SD + 0.3).

Using bQUS we found: only 1 patient with osteoporosis
(1.8%), 11 pts with osteopaenia (20%) and 43 pts with normal
estimated bone density (78.2%).

The pts age, diabetes duration and BMI failed to show a
significant correlation with the AD-Sos [Figure 1]. Moreover,
we did not found any significant difference in ultrasonographic
data in relation to pre- or post- pubertal diabetes onset. A
significant negative correlation between AD-Sos and hbalc of
the last 5 years and a significant positive correlation between the
ultrasonographic value and the daily insulin requirement in the
past 5 years and in the current year were observed [Figure 2].

It was not a statistically significant difference in bQUS
parameters between smokers and non-smokers, MDI and CSII.
Instead, significant lower ultrasonographic data in patients with
low calcium diet were reported (p<0.05) [Figure 3].

The control group, matched for age (31.7 = 8.0 yrs), BMI
(23.1 +5.6 kg/mq), smoking habits, calcium intake and familiar
history of osteoporosis and without the major risk factors for
osteoporosis, showed statistically higher AD-Sos values versus
the pts (p <0.05, AD-sos 2130.9 +83.5 m/s and 2083.7 * 68.3,
respectively).
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Figure 1: Absence of correlation between AD-Sos and: A) age, B) diabetes duration, C) BMI.

A) POSITIVE CORRELATION BETWEEN C) NEGATIVE CORRELATION BETWEEN HBA1C
DAILY INSULIN REQUIREMENT IN THE VALUES IN THE LAST FIVE YEARS AND AD-Sos
LAST 5 YEARS AND AD-Sos (p<0,02) (p<0,05)

Regression Plot Regression Plot
1,4 ® 1
L ] ° 01 e -

12 s 2 3 °
—_ L — 8 L) [ ]
S . s . e
«Q Qs °
g & g e

3
A 2
1 [
21300 1850 1900 1950 2000 2050 2100 2950 2200 2250 01300 1850 1800 1950 2000 2050 2100 2150 2200 2250
AD-Sos (m¥s) AD-Sos (mis)
¥ =-1,624 + 001 * X; R"2 = 122 Y = 19,687 - 006 " X; R"2 = .08
Regression Plot
L
1.6 * P
14 L ]

8.2 * | B) Positive correlation between daily

R * ® | insulin requirement in the last year

g, and AD-Sos (p<0,05)

=" -

6 p ht -
4 e P °
2

1800 1850 1900 1950 2000 2050 2100 2150 2200 2250
AD-Sos (mfs)

¥ =-2,326+ 001 * X R*2=11

Figure 2: A correlation between A) daily insulin requirement in the last 5 years and AD-Sos (p < 0.02), B) daily insulin requirement in the last year and
AD-Sos (p < 0.02), C) medium HbA1c in the last 5 years and AD-Sos (p < 0.05),
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Figure 3: Significant lower AD-Sos in patients with low calcium diet.

Discussion

The correlation between bone loss and diabetes is particularly
complex and not yet clear. If the link between type 2 diabetes
and osteoporosis appears to be controversial and debated, many
studies documented a reduction of bone mineral density and
quality in T1DM [2, 25-29].

The attainment of bone mass peak may be affected by the
early disease onset, resulting in the failure to achieve an adequate
bone density [30]. In our study, We did not find a statistically
significant correlation between AD-SoS and both age and disease
duration of T1DM. In fact, according to some studies [31-32], in
young patients and/or with a few years of the disease, the bone
quality may already be compromised.

A significant negative correlation between all the
ultrasonographic parameters and glycemic control was found:
higher mean HbA1c values, expression of a poor glycemic control,
are associated with lower densitometric parameters (AD-SoS,
T-score and Z-score) with evidence of an alteration of bone status.

The degree of glycemic control could have a considerable
influence in the skeletal health. In TIDM animal models has
been shown that poor glycemic control leads to the alteration of
bone mineralization, probably due to altered expression of genes
encoding pro-osteoblastic proteins, impaired ability of bone
mineralization, decreased osteoblast and osteoclast activity, with
a general decrease in bone remodeling [33].

A significant positive correlation between the densitometric
parameters and insulin requirement was found. Moreover,
insulin needs did not relate to the duration of the diabetes in
the examined patients. This result could be an expression of the
anabolic insulin action at the bone level. In animal models it has
also been shown that insulin treatment may improve the bone
quality and strength [33].

The type of insulin administration (MIIT vs. CSSI) does not
seem to influence our results.

Instead, poor calcium dietary intake significantly affected
lower densitometric parameters. It is known the importance of
calcium in bone health, from the first months of life up to the bone
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mass peak [34]. A proper calcium intake can be obtained by milk
and dairy products, highly mineral waters and calcium enriched
foods.

In addition to a general low calcium intake in the population,
gastrointestinal diseases such as celiac disease can prevent
proper absorption of calcium.

The effect of cigarette smoking on bone is known. In our
study, there was not a statistically significant correlation between
smoking and low density values, probably due to the little sample
and the young age of the patients [35].

Conclusion

Although the small sample size of patients and controls is a
crucial limit of the study, our data confirmed that type 1 diabetes
has been long associated with alterations in bone quality, and
diabetic women of childbearing age have significantly lower
AD-Sos values than non-diabetics. Phalangeal bone ultra-sound
has proved to be a valuable diagnostic tool, given the low cost
and the absence of risk, to perform an adequate screening of
osteoporosis, above all in younger patients, thus implementing a
long-term monitoring and proper prevention of possible fractures
[25-26]. Above the possible early bone alterations linked to
etiopathogenetic mechanism in t1dm, the good glycemic control
and not the disease duration seems to be the most important
determinant of bone quality in diabetic patients, together with an
adequate calcium intake.

Osteoporosis, as other diabetic complications, should be
screened and prevented in order to reduce the future fracture
risk.
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