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Objetive: To evaluate, over a 79.2-month follow-up period, the behavior of bone mineral density (BMD) determined by
Computerized Axial Densitometry (DXA), volumetric bone mineral density (BMDvol) and its relationship with anthro-
pometric data, together with the parameters related to bone metabolism (calcium, phosphorus, alkaline phosphatase,
parathormone (PTH) and vitamin D (25-OH-D3)) in a child population with Type 1 Diabetes Mellitus (DM1) without
microvascular complications and a control group of reference with similar characteristics.

Material and methods: Initially, a cross-sectional study was carried out in 40 diabetic children (mean age 9.4+2.8 years)
and 108 controls (9.3+1.5 years) to assess the possible differences between the two populations. 26 patients from the
initial diabetic group were reassessed after 79.2 months of follow-up.

Results: It was observed that, at baseline, bone mass was similar in diabetics and controls. After follow-up, the BMD of
the diabetic children was much lower than that expected in the non-diabetic child population.

Weight, height, and Body Mass Index (BMI) followed the same pattern as BMD. The values of calcium, phosphorus, al-
kaline phosphatase, PTH and vitamin D, although within the normal range, were lower than in the controls. Alkaline
phosphatase did not increase in the pubertal period.

Conclusions: The present study demonstrates that children and adolescents with a recent diagnosis of DM1 have a nor-
mal BMD. However, over time, and especially during adolescence, they show less bone mass gain and changes in bone

turnover parameters.
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INTRODUCTION

Type 1 diabetes mellitus (DM1) has been associated
with lower bone mass for more than 30 years'?, al-
though existing data in children and adolescents are
contradictory®®. Published results on bone mass deve-
lopment in the adult diabetic population show a lower
BMD in type 1 diabetics that persists over time and a
higher risk of fractures®!'. However, in the pediatric po-
pulation with DM1, longitudinal studies are very limited
and with discrepant results. Some authors report a reduc-
tion in BMD during follow-up®!#!3, while others do not ob-
serve long-term changes!*'°. These discrepant results may
be due to multiple variables such as the length of follow-
up, which is almost always too short; the different ages and
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anthropometric variables, or the different pubertal stages
of the diabetic population included in the studies!*!4.

Few publications longitudinally evaluate BMD in chil-
dren with long-term DM1, also relating it to the different
parameters of bone metabolism and remodeling and to
the degree of diabetes control*1¢,

Therefore, our study aim has been to compare the
BMD of children and adolescents with type 1 diabetes,
with a control group with similar anthropometric cha-
racteristics, and to carry out a long-term follow-up of
this population, relating the changes in bone mineral
density with data anthropometric, degree of metabolic
control, analytical parameters related to calcium meta-
bolism, serum levels of parathormone and vitamin D.
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MATERIAL AND METHODS

Study design

This study includes 2 phases. The first consisted of a
cross-sectional study in which bone mass was compared
between control children and type 1 diabetic children,
while in the second phase an observational longitudinal
study of this population was carried out, reevaluating it
after a long period of time (mean: 79.2 months).

Study subjects

There were 40 diabetic children (175/239) included in
the study ranged in age from 3.3 to 16.7 years at the out-
set of the study, with a disease duration of 4.04+2.8
years (9.4+2.8 years) and with no obvious microvascular
complications. 70% of the diabetic population studied
was in Tanner stage I, 10% in stage II, another 10% in
stage I11, 7.5% in stage IV and 2.5% in stage V of pubertal
development. All of them came from the Pediatric Endo-
crinology clinic of the "Virgen de Macarena" University
Hospital in Seville. The 109 controls (556/549) (mean
age: 9.32+1.6 years) with an age range of 6.1 to 16.9
years, were included by age, sex and pubertal stage, si-
milar to the study group.

In the second phase of the investigation, 26 of the 40
diabetic patients (139/139Q) initially studied (65%)
were reassessed after a mean follow-up of 79.2 months,
when their mean age was 15.88+ 2.9 years and the mean
evolution of the disease of 10.61+3.0 years (range 5-18).
After this follow-up period, these patients did not show
complications secondary to their underlying disease. At
this point in the study, 73.1% of the patients were in
Tanner stage V, 11.5% in stage IV, 3.8% in stages Il and
I1], respectively, and 7% were in stage I of pubertal de-
velopment.

The remaining 14 patients included in the initial study
could not be located due to changes in their address
and/or assigned health area.

The longitudinal study results were compared with a
reference control population of 234 children, matched
by age, sex and pubertal stage with the cases, in whom
BMD was assessed in the same period of time as the dia-
betic population.

Bone mass

In all study participants, both those included in phase 1
and 2, areal BMD, volumetric density (vol BMD), anthro-
pometric parameters (age, weight and height), pubertal
stage, menarcheal age of girls, serum levels of calcium,
phosphorus, alkaline phosphatase, PTH and 25-OH-D3
were assessed. In the diabetic population, the mean va-
lues of glycosylated hemoglobin (HbA1c) were collected
(obtained based on all HbAlc determinations since the
initial diagnosis), number of years of the disease, exis-
tence of complications and regimen of administered in-
sulin, expressed in IU/Kg/day.

Weight and height were obtained using a platform scale
and an Atlantida S-11 stadiometer (Ao Sayol S.A. Barce-
lona). Body mass index was calculated as weight/height?
(Kg/m?).

BMD was measured by DXA (Hologic-QDR-1000) in
the lumbar spine (L2-L4). BMD measurement was per-
formed with the same densitometer in both phases of
the study. The Z-score of the control population was
used as a reference for bone mineral density. The coeffi-
cient of variation (CV) of DXA was 0.5% in vitro (phan-
tom) and the CV in vivo was 1.4%.

To avoid the variable size of the vertebrae in a gro-
wing population as a confounding factor, volBMD was
determined, following the formula described by Kroger
etal.l’.

Analytical parameters and bone remodeling

Blood samples for the different serum determinations were
taken under fasting conditions, using the same measure-
ment techniques in both phases of the study. Biochemical
parameters (calcium, phosphorus, and alkaline phospha-
tase levels) were determined by autoanalyzer.

The degree of metabolic control was evaluated by de-
termining the HbA1c levels by HPLC (high performance
liquid chromatography), where the mean level was obtai-
ned based on all the determinations made from diagnosis
to inclusion in the study (minimum 3 determinations per
patient not anymore). Good metabolic control was consi-
dered when the mean HbA1c values were less than 7%;
moderate control when they ranged between 7 and 8.5%
and poor metabolic control when HbA1lc figures were
greater than 8.5%.

Parathormone (PTH) was measured by chemilumi-
nescence immunometry. The determination was made
by photometric analysis with a 2nd generation IMMU-
LIITE DEP (Dipresa) autoanalyzer. Its normal range was
considered between 15-80 pgr/ml.

Serum 25-OH-D3 was quantified by R.I.A. (Nichols
Institute Diagnostics USA), after separation of the vita-
min D metabolites. All the samples were collected in the
same summer period to avoid bias.

All the patients’ parents were informed of the pur-
pose of the study and their consent was previously ob-
tained. Likewise, the approval of the Ethics Committee
of the Center was obtained.

Statistic analysis

Results are presented as mean * standard deviation (SD).
Statistical treatment was carried out using the statistical
package "(SPSS) 22.0". To compare the means between
the groups studied, Student’s t test was applied to paired
data and independent data when they followed a normal
distribution. The Mann-Whitney U test was used with va-
riables that did not show a normal distribution. Bone mi-
neral density, weight, height, and BMI are expressed in
absolute values. In the longitudinal study, the reference
values of weight, height and BMI have been expressed as
Z-score (value of BMD, weight, height and BMI of the pa-
tients-mean values of the control group/SD), to evaluate
the changes that produce in time. The relationship bet-
ween BMD (expressed in Z-score) and the rest of the pa-
rameters studied was calculated using the Pearson
correlation coefficient in the case of those variables that
followed a normal distribution; otherwise, the correla-
tion coefficient used was Spearman's. Confounding fac-
tors were identified by multivariate analysis and, in the
second part of the study, by a repeated measures test. Va-
lues of p<0.05 were considered levels of statistical signi-
ficance.

REsuLts

The anthropometric data and baseline biochemical pa-

rameters of the groups studied are included in table 1.
We have not observed significant differences in bone

mass between DM1 and controls, neither globally, nor

when comparing them by sex. There were also no signifi-

cant differences in weight and height between patients
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and controls, although the BMI was
lower in diabetic children. 70% of the
children included in this first part of
the study were in Tanner stage 1.

Serum calcium was significantly
higher in the diabetic population.
Phosphorus did not show differen-
ces between both populations. Cir-
culating levels of 25-OH-D3, PTH,
and alkaline phosphatase (AP), al-
though within the normal range,
were significantly lower in the dia-
betic population than in the control
group (table 1).

The positive correlation between
BMD and alkaline phosphatase pre-
sent in the control group (r=0.198
p=0.04), is not observed in the dia-
betic group.

In children with DM1, serum
HbA1lclevels were 8.5+1.4% and the
mean duration of the disease was
4.04+2.8 years. We did not find any
relationship between BMD, the de-
gree of metabolic control (HbAlc)
and the time of evolution of the di-
sease.

The anthropometric, biochemical
and BMD data of the patients inclu-
ded in the longitudinal study (baseline
and after 79.2 months) are shown in
table 2.

At the end of the study, in diabe-
tics, bone mass had increased signi-
ficantly in absolute values from
0.715+0.13 gHA/cm? to 0.940+0.12
HA/cm?; p=0.000), as expected in a
stage of full growth. However, the
BMD values (expressed in Z-score)
were significantly lower than those
found in the first phase of the study
(0.537+1.12 Z-score vs.-0.116+1.03
Z-score; p=0.001). This implies that
the bone mass gain was much lower
than expected for their age and gen-
der (figure 1).

Vol BMD showed the same beha-
vior as areal BMD, clearly correlating
with it at the L2-L4 level (r=0.835)
p=0.001.

At the beginning of the follow-up, 6 of the 26 patients
presented negative BMD values (expressed in Z-score),
even in three of them, the values were lower than -1SD.
At the end of the study, there were 14 patients who pre-
sented a BMD below the expected values for their age
and gender, doubling the number of them with -1SD.
Only 4 diabetics showed an increase in bone mass con-
sistent with the period of bone mass apposition expec-
ted for a growing adolescent population.

We did not explore the influence of pubertal stages
on BMD, since most of the cases (19 of the 26) were in
the last Tanner stage, and the rest of the patients were
distributed in the remaining stages, being fairly homo-
geneous group.

The analysis by gender showed comparable results,
with a non-significant lower BMD gain in adolescents.

Age (years)
Weight (kg))
Size (cm)

BMI** (Kg/m?)

Z-score (SD)
Calcium (mg/dl)

PTH** (pg/ml)

Age (years)

Z-score (SD)
HbAlc (%)

Calcium (mg/dl)

PTH** (pg/ml)

BMD** (gHA/cm?)

Phosphorus (mg/dl)

Alkaline phosphatase (U/L)

25-0H-D** (ng/ml)

N=26

Weight (Kg) (Z-score)
Size (cm) (Z-score)
BMI** (%) (Z-score)
BMD** (gHA/cm?)
DMOA** (gr/cm?)

Alkaline phosphatase (U/L)

25-0H-D** (ng/ml)
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Table 1. Anthropometric data and biochemical and bone mineral density
parameters of patients with diabetes mellitus-1 and controls

Diabetics Controls
N=40 N=10 [
X+SD* X+SD*
9.3+1.5 9.4+2.8 NS
33.7£11.0 35.6%£10.7 NS
133.7+16.3 133.6+10.0 NS
18.3+3.0 19.5+3.8 P=0.05
0.761+0.1 0.756+0.9 NS
0.059+0.15 0.0+0.0 NS
9.6x1.6 9.0+0.35 P=0.000
4.8+1.0 4.6+0.42 NS
288.0+97.3 492.5+159.4 P=0.000
24.4+12.7 30.7+13.6 P=0.01
27.5+16.5 40.2+¢9.9 P=0.000

*X+SD: mean * standard deviation; *: statistical significance p<0.05; **BMI: Body Mass
Index; BMD: Bone Mineral Density; PTH: parathormone; 25-OH-D: vitamin D.

Table 2. Anthropometric and biochemical data of the diabetic population,
baseline and after almost 7 years of follow-up

Basal After 79.2 months p
X+SD* X+SD*
9.23+3.3 15.88+2.9 0.000
0.836+0.89 0.187+0.90 0.002
0.629+0.87 -1.092+1.40 0.000
0.63+1.3 0.47+1.0 0.000
0.715+0.13 0.940+0.12 0.000
0.537%1.1 -0.116+1.0 0.001
8.8+1.3 9.3+1.9 NS
0.138+0.15 0.149+0.14 0.000
9.9+0.3 9.6+0.1 0.01
299.5+99.3 269.8+151.9 NS
273+12.4 19.8+7.7 NS
27.9+18.1 40.4+17.4 0.02

*X+SD: mean * standard deviation; *: statistical significance p<0.05; **BMI: Body Mass
Index; BMD: Bone Mineral Density; DMOA: Areal Bone Mineral Density; PTH: parathor-
mone; 25-OH-D: vitamin D.

Mean HbA1c levels after follow-up were 9.31+1.98%
with a range of 6.4-14.4%. None of our patients had
good metabolic control; 12 of them had moderate con-
trol and 14 were poorly controlled. We have not obser-
ved any relationship between changes in bone mass and
the degree of metabolic control or the duration of the di-
sease.

The same behavior that bone mass showed was ob-
served when evaluating weight, height and BMI. Al-
though these parameters increased significantly in
absolute values, the diabetic patients had BMI values ex-
pressed in Z-score that were significantly lower than
those found at the beginning of the study (table 2).

In phase 2 of the investigation, calcium levels decreased
and vitamin D levels were significantly higher than ba-
seline levels in the diabetic population (table 2).
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Figure 1. Changes in bone mineral density after 79.2 months of follow-up expressed in absolute values (A) and in

Z-score (B)

basal 7 years
0.715+0.13 0.940+0.12
gHA/cm? gHA/cm?

basal 7 years

0.538+1.12 SD -0.116+1.03 SD

The changes produced in BMD at the end of the study
were not influenced by pubertal stage. We observed
that, although the older group (>15 years) reached more
negative Z values from lower values in the initial study,
the lower BMD gain is similar in both groups (figure 2).

In the multivariate analysis to determine the possible
influence on bone mass of different variables (weight,
height, BM], serum calcium and 25-OH-D3), we found
that only BMI was independently associated with the
value of the score. Z (95% CI: 0.150-0.890; p=0.009)
beta coefficient: 0.535.

Discussion

In our study, the child population with DM1 and with a
short duration of the disease, showed a bone mass simi-
lar to that of the healthy population. These data corro-
borate the findings obtained in a previous study of our
group, with a type 1€ diabetic population. After a follow-
up period of almost 7 years, BMD and volBMD increased
in absolute values, but bone mass gain did not reach the
desirable levels for a non-diabetic population with simi-
lar characteristics (figure 3).

Although there are numerous cross-sectional publica-
tions to evaluate bone mass in children with DM1, longitu-
dinal studies carried out in this population are very limited,
and with a follow-up period that is too short. We have only
found one publication, which covers a broader period®.

Figure 2. Evolution of bone mass in type 1 diabetics,
grouped by age (Z-score)
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Those publications found that show no changes or
these are minimal in the BMD of children with DM1, are
carried out in a very short period of time (12
months)!?!* and some start from a lower initial bone
mass12. Hui et al.’, with a somewhat longer follow-up
(3 years), did not find changes in bone mass in a large
population with type 1 diabetes either, but based their
results on the measurement only of cortical bone in
different locations of the radius, and the mean age of
the patients is much higher than that of our diabetic
population.

We have only found one study6 with characteristics
similar to ours in temporality and study population.
These authors observe a lower bone mass gain in the
diabetic population than in controls. Unlike our study,
they include patients with microvascular complications
(5%) and the duration of DM1 was not homogeneous,
with considerable variability between subjects, both at
baseline and during follow-up. Despite this, their results
are very similar to ours.

The discrepancy in bone mass results in the child po-
pulation with DM1 could be explained by multiple fac-
tors: different bone mass measurement methods, type
of bone measured (trabecular or cortical), age and num-
ber of patients included, or different stages puberty of
the children studied?7>1, To save the influence of chan-
ges in BMD induced by sex hormones, we selected a
fairly homogeneous initial group, with 70% of cases in
Tanner stage I. Like most authors, we have not found any
relationship between bone mineral density and the de-
gree of metabolic control or the time of evolution of the
disease*!31415 [n our case, none of our diabetics had
good metabolic control, which prevented us from ma-
king a comparison in this regard.

Our type 1 diabetic child population gains less
weight, less height and their BMI is lower than expected
for a healthy population of similar age and gender. BMI
correlated with BMD. Studies that find a lower height
and lower weight in prepubertal type 1 diabetic children
with poor metabolic control relate it to a lower secretion
of IGF-1 secondary to insulin deficiency?’-?2 In our case,
almost all the patients had poor metabolic control and
the onset of the disease had manifested before puberty
except in one case, which could explain these metabolic
alterations, and the lower bone mass gain.
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Figure 3. Number of patients with values less than -1 SD (expressed in Z-score) in the initial study and after a 7-year
follow-up (the position of the bars correspond to the same patient)
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There are few works that relate the biochemical pa-
rameters with the changes experienced in the BMD of
children with DM1. Most studies are cross-sectional and
show disparate results. Of the few follow-up studies
that measure bone mass in diabetic children, few in-
clude biochemical parameters!?!4, Although our pa-
tients had serum levels of calcium, phosphorus, alkaline
phosphatase, PTH, and vitamin D within the normal
range, these were lower than in the control population.
In cross-sectional studies of adolescent or adult popu-
lations, the results have been similar*?3-2%, It is sugges-
ted that, possibly, this altered metabolic control is
conditioned by low insulin levels, giving rise to abnor-
malities in calcium metabolism and, therefore, to low
bone formation?32+26-28 The hypotheses about decrea-
sed PTH levels are based on the insulinopenia present
in type 1 diabetics or on a decrease in the activity of the
enzyme 1-alpha-hydroxylase-renal, and could be rela-
ted to the lower weight gain they present type 1 diabe-
tics?829, As with other authors’ observations, we did not
find any relationship between these biochemical para-
meters and bone mass*24253031,

In our results, the serum alkaline phosphatase values
stand out, which, although within the normal range,
were significantly lower than those of the controls in
phase 1 of the study. After almost 7 years, these values
did not increase as occurs in the non-diabetic adolescent
population and were negatively and significantly related
to bone mass in phase 2. This could be explained by the
lower growth and acquisition of bone mass that we de-
tected in patients with DM1. This aspect has not been
evaluated in longitudinal studies of children with DM1.
Cross-sectional studies do not find these differences*32.

»

and UCB laboratories.

Although our study is of great interest due to the ho-
mogeneity of the samples and the long follow-up, it has
limitations. First, the number of cases studied may be
insufficient to draw definitive conclusions. Furthermore,
serum levels of Insulin-like Growth Factor-1 (IG-F1), sex
hormones and insulin have not been determined, which
would undoubtedly help us improve our understanding
of the pathophysiology of the disorder.

Although it would have been desirable to longitudi-
nally evaluate the control subjects’ BMD, we have com-
pared the data of the diabetic population studied almost
seven years later, with a second healthy control group,
with adequate bone apposition and similar anthropo-
metric characteristics, obtained from a cross-sectional
analysis. We believe this does not detract from the vali-
dity of our study, since the results clearly show the lower
bone mass gain in type 1 diabetic children even without
the presence of microvascular complications, as in other
publications carried out with the same methodology.

In conclusion, the present study shows that children and
adolescents recently diagnosed with DM1 have normal
BMD. However, with the passage of time and, above all, in
the period of adolescence, they show less bone mass gain.

The changes observed in the parameters of bone tur-
nover after a long follow-up period could be interpreted
as a consequence of insulin deficiency that causes poor
metabolic control. The lower weight and height obtained
at the end of the study could justify, together with these
bone metabolic alterations, the lower bone mass gain ac-
quired by diabetic patients. All these findings will lead
to a lower peak bone mass and, surely, to a higher risk
of developing osteoporosis and fragility fractures in
adulthood.
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