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ABSTRACT

Background

There is an ongoing interest in the relationship between
vitamin D status and diabetes control and complications.
However, data from Saudi Arabia are limited. Human
studies demonstrated the positive association between
insulin secretion, insulin sensitivity and serum levels of
osteocalcin and vitamin D.

Aims

This study aimed to explore the possible role of circulating
osteocalcin in the pathogenesis of TIDM and its correlation
with fasting plasma glucose (FPG) and vitamin D levels in
Saudi Arabia children with TIDM.

Methods

This cross-sectional observational hospital based- case
control study that included 132 Saudi children clinically
diagnosed as type 1 diabetes mellitus and 72 apparently
healthy children.

Results

There were statistically weak negative correlations for FPG
with UCOC and TOC in diabetic children (r=-0.294, p<0.01
and -0.358, p<0.0001 respectively). A moderately significant
between FPG and BMI and a
significantly negative correlation between 25(0OH)D3 and
FPG (r=-0.62, p<0.0001) were found. Moreover, there was a
moderately significant positive correlation between levels of

positive correlation

vitamin D and UCOC in healthy control group (r=0.457,
p<0.0001). Such significance was not present in diabetic
group (r=-0.077, p<0.38).

Conclusion

Levels of 25(0OH)D3, TOC, and UCOC were significantly
with T1DM
influence of B cells on vitamin D and

diminished in children suggesting the
bidirectional
osteocalcin and vice versa. The reverse correlation between
UCOC and HbAlc may indicate the probable prognostic
value of UCOC as the lower UCOC, the worse glycaemic

control in diabetic children.

Key Words

Type 1 diabetes mellitus (T1DM), under-carboxylated
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What this study adds:

1. What is known about this subject?

The emergence of diabetes mellitus as a global public health
problem in children and adolescents is due to the
widespread obesity and pronounced lifestyle changes.

2. What new information is offered in this study?

This study suggests a bidirectional influence of B cells on
vitamin D and osteocalcin and vice versa. The reverse
correlation between UCOC and HbAlc may indicate the
probable prognostic value of UCOC.
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3. What are the implications for research, policy, or
practice?

This study reported a significant positive correlation
between levels of 25(0H)D3 with UCOC and 25(OH)D3 with
FPG in healthy control group. Therefore, convenient vitamin
D supplementation for children could help to counter the
growing trend in the pathogenesis of TLDM.

Background

Diabetes is one of the fastest-growing chronic diseases
worldwide. Type 1 diabetes mellitus (TIDM) is a chronic
autoimmune disorder caused by destruction of beta cells of
the pancreas.2 The emergence of diabetes mellitus as a
global public health problem in children and adolescents is
due to the widespread obesity and pronounced lifestyle
changes.3 Patients with TIDM are at high risk of developing
other autoimmune diseases, such as celiac disease and
autoimmune thyroiditis.4

T1DM can lead to numerous complications in paediatric
patients, with the most common acute complications
including hypoglycaemia, and diabetes ketoacidosis (DKA).
Long-term complications in childhood include retinopathy,
nephropathy, and dyslipidemia.” Notwithstanding, risk
factors for uncontrolled hyperglycaemia and levels of
glycaemic control are not well studied in Saudi children with
type 1 diabetes mellitus.® Impaired fasting glucose (IFG) and
diabetes mellitus are highly prevalent disorders in Saudi
Arabia with the plurality of the patients being unaware of
their conditions, which necessitates imperious programmes
for early detection, treatment and prevention.7

Approximately, 75 per cent of all cases of type 1 diabetes
mellitus are diagnosed in individuals <18 years of age.8
There is an ongoing concern with regard to the correlation
between vitamin D status and diabetes control and
complications. However, data from Saudi Arabia are limited.
In a recent study, vitamin D deficiency was highly prevalent
and was found to be associated with frequency of
hypoglycaemic episodes and with adverse cardiometabolic
control.” Osteocalcin (OC) is a bone-specific protein
secreted by osteoblasts and often used as a bone formation
biomarker. OC undergoes post-translational carboxylation
to yield carboxylated osteocalcin and under-carboxylated
osteocalcin (UCOC) molecules.”® As far as bone mass is
concerned, in adult patients with type 1 diabetes a
moderately reduced bone mineral density has been shown
in both appendicular and axial skeleton. However, this issue

11,12 . . .
The vitamin D endocrine

is not well studied in children.
system is involved in many biological processes including

regulation of cell proliferation and cell differentiation, bone

metabolism, and modulation of immune responses.13 While

there is increasing evidence that Vitamin D deficiency may

be a risk factor for diabetes, over-all evidence regarding

vitamin D levels and diabetes mellitus is contradictory,
.. .14

requiring further studies.

Our study aimed to explore the possible role of circulating
osteocalcin in the pathogenesis of diabetes mellitus and its
correlation with fasting plasma glucose and vitamin D levels
in Saudi Arabia children with TIDM.

Method

This is a cross-sectional observational hospital based- case
control study that was conducted in Najran University
Hospital and King Khalid Hospital (Najran, Saudi Arabia)
from March 2015 till August 2016.

The study samples comprised 132 Saudi children (76 Male&
56 female) clinically diagnosed as type 1 diabetes mellitus
according to WHO criteria.”>* Sample size was calculated
from the simple formula n=ZZP(1—P)/d2.17 Where, Z is the
statistic corresponding to level of confidence, P is expected
prevalence (0.11 per cent according to some Saudi study),"®
and d is precision. In contrast, 72 apparently healthy
children (40 males, 32 females) were involved as a control

group. Both groups were matched in regard to age and sex.

Exclusion criteria included diabetic children treated with
1,25-
dihydroxy vitamin D3 supplements, glucocorticoids and

warfarin and heparin, drugs for osteoporosis,
anticonvulsant drugs. Patients with other types of diabetes
mellitus, renal failure, liver disease, anaemia and thyroid

disease were also excluded.

An interview with a questionnaire to obtain the clinical data
was done for each participant's parent in this study, clinical
history and examination of the test group and the controls
were done by physicians working in Najran University
Hospital & King Khalid Hospital.

Weight was measured using electronic digital scales. Height
was measured using a wall-mounted stadiometer. BMI was
subsequently calculated as weight (kg) per height (m?).

In sterile condition and using possible antiseptic
measurements for skin following an overnight fast (8-
12hrs), 5mls of venous blood was collected from each
participant and aliquoted into 2 tubes one of which contains
EDTA to obtain plasma. For serum preparation, the blood
separated after

samples were complete clotting by

centrifugation at 4,000rpm for 5 minutes and serum was
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obtained.
From EDTA tubes, HbAlc was measured using
chromatography technique (boronate affinity

chromatography). The sera were used to measure the
concentrations of osteocalcin and vitamin D using direct
ELISA (Enzyme-Linked Immunosorbent Assay) from Abcam—
UK. Fasting plasma glucose (FPG) was measured by using
spectrophotometric method.

Results of this study were statistically analysed using
statistical package for social science (SPSS) program.
Significant differences between groups were assessed by
one-way ANOVA and t- test. Correlation matrix was done
and the r values were obtained at level of (p<0.05)

significance.

Results

Our study included 132 type 1 diabetic toddlers and school-
age children (76 males and 56 females) admitted to Najran
University and King Khalid Hospitals (Najran, Saudi Arabia)
and 72 apparently healthy control children (40 males and 32
females), their ages ranged between 4 and 14 years
(10.4543.92 for diabetic group and 10.53+3.43 for control
group).

Fasting plasma glucose, FPG (mg/dl) was 196.86%56.32
(meanzS.D.) for diabetic children while it was 82.78+8.39
for control group. Results of the studied parameters are
listed in Table 1.

Children with type 1 diabetes mellitus were found to have
significantly lower BMI than healthy control group
(17.46£1.76, meanzS.D, versus 18.10+1.42, p<0.009).

Our results revealed that HbAlc per cent was significantly
higher in diabetic group than that of healthy control group
(9.90+1.79 vs. 4.53+0.46, p<0.001).

Pearson correlation coefficients (Figure 1) revealed weak
negative correlations for FPG with UCOC and TOC in diabetic
children(r=-0.294, p<0.01 and -0.358, p<0.0001
respectively). Moreover, a weak positive correlation
between FPG and BMI was found in our study (r=0.212,
p<0.015). Other significant (in terms of p value) correlations
were between UCOC and TOC, UCOC and HbA1lc, BMI and
HbAlc, and BMI and TOC (r=0.865, p<0.0001, r=-0.182,
p<0.037, r=0.318, p<0.0001 and r=-0.206, p<0.019
respectively).

In healthy control group, Pearson correlation coefficients
showed weakly significant negative correlations for BMI
with 25(0OH)D3, UCOC and TOC (r=-0.369, p<0.001, r=-0.205,
p<0.05, and r=-0.239, p<0.043
moderately highly significant positive correlation for BMI
with FPG (r=0.411, p<0.0001) and significantly negative
correlation between 25(0H)D3 and FPG (r=-0.62, p<0.0001).
Strikingly, there was a moderately significant positive

respectively) and a

correlation between levels of vitamin D and UCOC in
healthy control group (r=0.457, p<0.0001). Such significance
was not present in diabetic group (r=-0.077, p<0.38).

Discussion

It has recently reported that the sympathetic tone into
osteoblast is a substantial mediator of leptin regulation of
insulin secretion by streamlining osteocalcin bioactivity. This
unanticipated functional cross talk between nervous
systems, fat, and skeleton explains the importance of the
skeleton for the regulation of one of the major physiological

. .. 19
functions such as glucose homeostasis in vertebrates.

Cell-based studies in experimental animals using isolated
pancreatic islets, a beta cell line, and primary adipocytes
showed that
sufficient to regulate the expression of the insulin genes and

picomolar amounts of osteocalcin are

beta cell proliferation markers, whereas nanomolar
amounts affect adiponectin expression in white and brown

adipocytes, respectively.20

Furthermore, human studies demonstrated the positive
association between insulin secretion, insulin sensitivity and

. 21,22
serum osteocalcin levels.

In concordance with these reports, our study revealed the
weakly significant negative correlations between UCOC and
TOC with glucose intolerance represented with FPG in type
1 diabetic children(r=-0.294, p<0.01 and -0.358, p<0.0001
respectively). Pittas and his colleagues reported in their
cross-sectional  analyses that serum  osteocalcin
concentration was inversely associated with fasting plasma
glucose (P=0.01), fasting insulin (P=0.006), homeostasis
model assessment for insulin resistance (P=0.002), high-
sensitivity C-reactive protein (P=0.01), IL-6 (P=0.02), BMI
(p<0.001), and body fat (p<0.001).”> Thus our results
support previous studies with regard to the role of
osteocalcin in the regulation of glucose tolerance and
insulin secretion and sensitivity. There is some debate
regarding which form is the active one with respect to these
effects. In vitro data and earlier animal studies, as well as
some human studies suggested that only the under-
of osteocalcin (UCOC) functions

carboxylated form
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hormonally in the regulation of glucose homeostasis and
energy metabolism, leading to the suggestion that vitamin D
promotes insulin production and sensitivity by stimulating
UCOC secretion by osteoblasts.”** Contrarily, Babhijri et al.
reported that caboxylated OC is most likely the active
form.”®

BMI showed statistically significant lower values in type 1
diabetic children in comparison to healthy controls. In
addition, BMI
correlation with total osteocalcin in diabetic and healthy
(r=-0.206, p<0.019 and r=-0.239, p<0.043
respectively) suggesting an inefficacious attempt of

showed weakly significant negative

groups

osteoblasts to compensate for the increased bone
resorption. As far as osteocalcin indicates osteoblastic
function, in patients with diabetes the bone formation
proves to be inefficient enough to compensate for the bone
resorption. In agreement with our results, Neumann et al.
reported that in TIDM, total OC was inversely correlated
with BMI and HbA1c, and UCOC inversely correlated with
HbAlc.” In diabetes, bone turnover is characterized with
osteoblastic insufficiency and hence impaired bone
formation is not capable to compensate for normal or
increased bone resorption. The suggested reason for this is
the insufficiency of insulin and insulin-like growth
factors.”®” All these events lead to decreased bone mineral
density which negatively affect BMI in addition to the fact
that T1IDM s initially associated with decreased weight.
However, the impact of hyperglycaemia on osteoblast
cannot be ignored. Data from in vivo and in vitro studies
showed that high glucose deteriorates osteoblast function
by causing intracellular assemblage of sorbitol or by
generating higher concentration of advanced glycation end

products (AGEs)
30,31

in collagen that may reduce bone

density.

Our results showed that serum levels of 25(0OH)D3, TOC and
UCOC in type 1 diabetic children were severely deficient
when compared with that in healthy control children.
Vitamin D deficiency has been associated with type 1
diabetes.® The derivation for the divergent roles of vitamin
D include the presence of specific vitamin D receptors
(VDRs) on pancreatic [3-ce||s33 and skeletal muscle,* the
presence of a vitamin D response element in the human
insulin gene promoter,35 and the expression of la-
hydroxylase enzyme in pancreatic B-cells which catalyses
the conversion of 25(0OH)D to 1, 25-dihydroxyvitamin D.*®
Moreover, Vitamin D attenuates the expression of
proinflammatory cytokines involved in insulin resistance
such as interleukins IL-1, IL-6, TNF-a, also down regulates

NF-Kb (Nuclear factor) activity.37 Consequently, vitamin D

3839 through its

may have a protective effects on diabetes
impact on calcium and phosphorus metabolism and
regulation of the insulin receptor gene.40 In general, large-
scale population cross-sectional studies have revealed a
significant positive relationship between serum 25(OH)D
and measures of insulin sensitivity“’42 and that vitamin D is

. . . . . . 43
inversely associated with insulin resistance.

Ou et al. observed stronger associations of serum 250HD
with insulin sensitivity in overweight than normal weight
subjects, suggesting that overweight subjects with
hypovitaminosis D may benefit more from vitamin D

replacement than normal weight subjects.44

Regarding the correlation between UCOC and HbAlc in
children with type 1 diabetes mellitus (T1DM), our study
(r=-0.182,
p<0.037) between these parameters indicating the lower

displayed a significant negative correlation
UCOC, the worse glycaemic control in children with TIDM.
In addition, as obtained in healthy control group, there were
moderately to weakly significant uphill correlations
between levels of 25(0H)D3 with UCOC and 25(0OH)D3 with
FPG (r=0.457, p<0.0001 and r=0.371, p<0.001 respectively).
Previous studies have identified that the deficiency of
vitamin D is strongly connected with diabetes mellitus type
1"*® and that the death of islet cells and its complements
can be easily avoided by the vitamin D, which in turn, will
promote the production of insulin.*”*® Hence, beta cells can
be negatively implicated by the lower level of 25(OH)D3.49

A  comprehensive study was conducted by some
investigators in Saudi Arab. They discussed the relationship
between deficiency of vitamin D and diabetes mellitus. The
results of their study showed more or less the same results
as revealed in our study. The mean levels of 250HD were
significantly lower in the TIDM children compared to the

controls (36.7+14.3nmol/l versus 44.8+14.1nmol/I).*°

Although many studies pointed out that vitamin D
deficiency could be a possible risk factor for diabetes,*"*?
there is still debate about whether vitamin D deficiency is a
sequel of diabetes or a predisposing factor. Many previous
studies supported our results that showed the significant
decrease in TOC and UCOC as well as the negative
correlation between osteocalcin and glycated haemoglobin
in diabetic patients. Abo-El-Asrar et al. reported that serum
osteocalcin was significantly lower in diabetic patients
compared to control group (p=0.00)>> while, Pittas et al.
found that serum osteocalcin level was inversely correlated
with FPG (p=0.01), fasting insulin (p=0.006), homeostasis
model assessment for insulin resistance (p=0.002), high-

984



AMJ

bl [AM] 2017;10(12):981-988]

sensitivity C-reactive protein (p=0.01), IL-6 (p=0.02), BMI
(p<0.001), and body fat (p<0.001).” Similarly, Takaya et al.'
reported that serum level of under-carboxylated osteocalcin
was negatively correlated with mean blood glucose levels
(r=-0.447, p=0.013) and glycosylated haemoglobin (HbAlc)
(r=-0.455, p=0.012) in diabetic patients. Moreover, Khoshhal
et al. detected significantly lower levels of procollagen N-
terminal peptide and osteocalcin in children with TiDM.>

To our knowledge, it is the first study tried to explore the
possible role of circulating osteocalcin in the pathogenesis
of T1IDM and its correlation with fasting plasma glucose and
vitamin D levels in toddlers and schoolchildren in Najran
region, Southwestern Saudi Arabia. Nevertheless, our study
has some limitations as it was conducted in just 2 hospitals
and did not include children with type 2 diabetes mellitus.

Conclusion
It is obvious that the levels of 25(0OH)D3, TOC, UCOC are
significantly diminished in children with TIDM suggesting
the bidirectional influence of B cells on vitamin D and
osteocalcin and vice versa. There are significant negative
UCOC and TOC with glucose
intolerance represented with FPG

correlations between
in type 1 diabetic
children. The reverse (negative) correlation between UCOC
and HbAlc may indicate the probable prognostic value of
UCOC as the lower UCOC, the worse glycaemic control in
children with TIDM. In addition, there were moderately
significant positive correlations between levels of 25(0H)D3
with UCOC and 25(0OH)D3 with FPG as well as a significantly
negative correlation between 25(0OH)D3 and FPG in healthy
control group. Therefore, convenient vitamin D
supplementation for children could help to counter the

growing trend in the pathogenesis of TIDM.
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Table 1: Results of the study
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Parameters Type 1 Diabetic children Healthy control children
Vit D (nglml) 10.18+6.31** 69.25+21.44

UCOC (nglml) 1.08+0.56** 2.57810.55

TOC (nglml) 2.42+1.36** 14.10+1.52

FPG (mg/dl) 196.86+56.32** 82.7848.39

HbAlc % 9.90+1.79** 4.53+0.46

Data are expressed as meansS.D

Vit D: 25- (OH) vitamin D3; UCOC: under-carboxylated osteocalcin; TOC: total osteocalcin; FPG: fasting plasma glucose;

HbAlc: glycated haemoglobin
** Highly significant (p<0.001)

Figure 1: Scatter plots explain the correlations between FPG and TOC, FPG and UCOC, FPG and 25(0H)D3 as well as FPG
and BMI in type 1 diabetic children and healthy control groups
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