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Serum osteocalcin levels are a marker of bone formation. In this study, bone and
mineral metabolism In type | diabetes mellitus (DM) were investigated, and the changes
related to diabetic microvascular complications were examined. Serum calclum (Ca),
inorganic phosphate (P), osteocalcin (OC) and parathyroid hormone (PTH) levels were
measured in 42 type | diabetic subjects. Diabetics were subdivided Into those with or
without complications. Age and sex-matched control subjects were used for
comparisons with the diabetic groups. Serum P and PTH levels were not different
from those of controls. Serum Ca levels were significantly increased (p < 0.001) although
the values were within the normal range. OC levels were significantly lower in the
complicated (retinopathy and/or protenuria) diabetic group (p < 0.005). In Type | diabetes
mellitus, the serum OC level is influenced by the presence of microvascular
complications. Key words: osteocalcin, Gla protein, diabetes mellitus.

Altered bone and mineral metabolism has previously been reported in both
experimental and clinical diabetes mellitus (DM)'3. Decreased bone mass as
well as disturbed calcium (Ca) and vitamin D homeostasis have been described
in DM. However, the effects of diabetes on bone and mineral metabolism in
humans is still far from clear, since there are conflicting reports where decreased,
normal or increased bone mass have been reported*®.

Osteocalcin (OC) or bone g-carboxyglutamic acid (Gla) protein is a small,
noncollagenous protein of the bone matrix with three residues of vitamin
K-dependent Gla’ 8. Circulating levels of OC, a specific product of osteoblasts,
reflects the rate of bone turnover with high sensitivity and has clear advantages
over other parameters of bone metabolism® ®,

In recent years, serum OC levels in DM and in several metabolic bone diseases
have been studied, and the results in diabetic patients have been
contraversial® 1011, Also, the effects of type microvascular complications and
treatments on bone metabolism in diabetic patients are not yet clear (Fig. 1).
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nephropathy). Retinopathy was diagnosed after fundoscopic examination; in
doubtful cases fluorescein fundus angiography was performed by
ophthalmologists. While diabetic neuropathy was diagnosed following the
neurological examination including electromyography, nephropathy was
diagnosed with the help of laboratory tests such as blood urea nitrogen (BUN),
creatinine, microalbumin and creatinine clearence.

All diabetic subjects had been on insulin replacement therapy since diagnosis.
Twenty-six age- and sex-matched control subjects with no clinical or biochemical
evidence of bone or metabolic disease were also included in the study. Details
of the diabetic and control subjects are given in Table |.

Table |I: Details of Diabetic and Control Subjects

Duration of Fasting Serum
Sex Age (yr) Diabetes HbAc Glucose Creatinine

n (M/F) mean + SD (yrs) (%) (mg/dI) (mg/di)
Controls 26 12/14 14 +3 - <7 80x5 0.8 + 0.04
Diabetics 42 20/22 14+ 3 1-10 99+0.7 169+53 0.9 + 0.05

Patients' results were compared with those of the control group. Student's test
was used for statistical analysis.

Laboratory Methods

" As a circadian rhythym of OC in human serum has been reported’®, blood
samples were drawn between 8:00 and 9:00 a.m. in the overnight fasting state,
before insulin injections. Blood sampling in the patients and controls was equally
distributed throughout the year. :

Serum was separated from the samples without delay and kept at -20 °C until
the time of OC assay. '

OC levels were measured by radioimmunoassay using the Incstar'?%]. RIA Kit.
Parathyroid hormone (PTH) levels were measured by DPC (RIA) kit. Serum fasting
glucose, total Ca, P and creatinine levels were measured on the same day by
Technican RAXT autoanalyser, using routine Biotrol Kits. Also, Hemoglobin (HbA, )
levels in erythrocytes were measured by Biotrol Kit on the same day.

Results

The results obtained in diabetic patients as compared to control subjects are
outlined in Tables | and Il. The fasting serum glucose and HbA, . levels of
diabetics were greater than those of control subjects (Table I).

In type | diabetics, serum Ca levels were significantly increased (p < 0.05),
although the values were within the normal ranges for age- and sex-matched
human serum. Serum inorganic P and PTH levels were not different from those
of controls (p > 0.05) (Table I1).



326 Pasaodlu H, et al. The Turkish Journal of Padiatrics
Octlober - December 1995

Table II Serum OC, Ca, P and PTH Ievels in Diabetic Patients and
Control Subjects

Osteocalcin Ca . P - PTH

-n (ng/ml) ~ - (mg/dl) - (mg/dl) (ng/mi)
Control 26 464 +£0.92 93x1.1. 40+0.8 0.46 £ 0.2
Type | (Comp -) 29 466+1.96 10404 .  38+09 0.44 + 0.1

Type | (Comp+) 13 3.37+1.17Q3*** 99+0.7=" 42+1.0 0.44+0.2

Mean + SD values are given :

(Comp -) = Diabetic patients without compllcatlons
(Comp +) = Diabetic patlents with complications.

@ : Less than control . p <0.05.

#: Greater than control ™: p<0. 01 ‘p< O 005

Serum levels of OC were S|gn|f|cantly lower in diabetic patlents wnth microvascular
complications than in controls. Also, serum OC levels of the complicated group
decreased more than those of the noncomplicated group (p < 0.02).

Discussion

Diabetic children and adults have decreased bone mass as shown by photon
absorptiometry and radiometry'3, This osteopenia is evident not only in the
peripheral skeleton but also in the spine of diabetic women®, and diabetic
osteopenia differs from typical osteoporosis in character®. The pathogenesis of
diabetic osteopenia in humans remains unclear. '

Despite normal serum Ca levels, disturbed Ca metabohsm has been seen in
diabetic patients and is thought to be related to a skeletal defect'®, Studies on
experimental and human diabetes have showed normal'#'6, low® and high'® 7 serum
Ca levels, Glachen et al.'* found that the levels of ionized Ca were not changed
in diabetic rats. In the present study, ionized Ca levels could not be measured.

In our study, when we examined the Ca and P levels, serum Ca levels were higher
in patients with type | DM than in controls (p < 0.01), although these high values were
within normal limits for human serum. On the other hand, PTH was not significantly
different. Serum P levels are not changed in diabetics. Auwerx et al.5>found decreased
serum Ca (9.3 £ 0.3 mg/dl) and P (3.0 + 0.6 mg/dl) levels in type | diabetic patients
(Age 41.5 + 13.5 years, disease duration 18.3 + 7.8 years). Pedrazzoni et al'. reported
increased Ca (9.6 + 0.3 mg/dl) and normal P (2.8 + 0.7 mg/dl) levels in type | diabetics
(Age 49.1 + 1.55 years, disease duration 8.9 + 5.9 years). Hough et al.'?, who also
found high levels of serum Ca in diabetic rats, suggested that this may be due to
increased intestinal Ca absorption. These different findings may have resulted from
differences in the study groups and their durations of disease.

Serum concentrations of OC have been shown to reflect the synthesis of OC by
osteoblast and thus are a parameter of bone formation’: '8, The source of OC in
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plasma is new osteoblastic synthesis and not a release from resorbed bone; it is
cleared mainly by glomerular filtration in the kidneys'®. Vitamin K1 is essential for
OC biosynthesis, and synthesis is stimulated by 1.25 (OH), Vitamin D, 20 OC may
be a valuable marker for decreased bone remodeling in lnsulmopenlc dlabetes11

In the present study, OC levels were lower in type | diabetics who have
complications than in controls. Also, serum OC levels were diminished in
complicated diabetics as compared to noncomplicated diabetics. However, in
type | diabetics without complications, OC levels were not different from those
of controls. This may be partly related to the regular treatment of our patients
with insulin. The increasing effect of insulin replacement therapy on serum OC
levels has been suggested in a previous report'®. A direct influence of insulin
on in vitro OC synthesis has also been reported?!. Guarneri et al.?2 showed that
serum OC values were lower in newly diagnosed diabetic children than in controls.
After 15 days of insulin therapy they found no difference between diabetics and
controls. These results support the effect of insulin on OC. Pedrazzoni et al.’®
suggested that the low levels of OC they found in insulin-dependent and
non-insulin-dependent diabetics might be due to a reduction in the levels of
1,25-dihydroxyvitamin D,. They said that the reduction of OC in their diabetic
population was related to the type of treatment, with diet-controlled subjects
showing greater differences from the expected normal values than those treated
with oral hypoglycemic agents or insulin. Our previous study®® showed serum
1.25 (OH),, vitamin D, levels to be decreased in newly diagnosed type | diabetics
who did not have insulin therapy. This result may indicate that diminished serum
OC levels were due to decreased 1.25 (OH), vitamin D,.

Verhaeghe et al.?* showed that plasma OC concentratlons were markedly
decreased in spontaneously diabetic rats after 3 to 4 weeks of diabetes. The half
life of ['25]] OC was similar in diabetic and non-diabetic rats, indicating that
decreased plasma OC was due to decreased synthesis. They suggested that the
number and/or function of osteoblasts are severely suppressed in diabetes, resulting
in decreased plasma OC levels. In the literature, only Pietschmann et al.?> have
examined the effects of microvascular complications on serum OC levels in diabetic
patients. They found that OC levels were significantly lower in type | diabetics with
retinopathy and/or protenuria than in type | diabetics without microangiopathy. In
this respect, the results of the present study support their findings. Therefore, bone
formation as reflected by serum OC levels seems to be influenced by the presence
or absence of microvascular complications in type | DM.

REFERENCES

1. Levin ME, Boisseau VC, Avioli LV. Effects of diabetes mellitus on bone mass in juvenile and
adult-onset diabetes. N Engl J Med 1976; 294: 241-245.

2. McNair P, Madsbad S, Christansen C, Faber OK, Transbol |, Binder C. Osteopenia in insulin
treated diabetes mellitus. Its relation to age at onset, sex and duration of disease. Diabetologia
1978; 15: 87-90.



328 Pagaogilu H, et al. The Turkish Journal of Pediatrics

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

October - December 1995

. Rosenbloom AL, Lezotte DC, Weber FT, et al. Diminution of bone mass in childhood diabetes.

Diabetes 1977; 26: 1052-1055.

. De Leeuw |, Abs R. Bone mass and bone density in maturity-type diabetics measured by the

‘25 photon-absorption technique. Diabetes 1977; 26: 1130-1135.

. Auwerx J, Dequeker J, Bouillan R, Geusens P, Nijs J. Mineral metabolism and bone mass at

peripheral and axial skeleton in diabetes mellitus. Diabetes 1988; 37: 8-12.

. Ishida H, Seino Y, Matsukura S, et al. Diabetic osteopenia and circulating levels of vitamin

D metabolites in Type 2 (non-insulin dependent) diabetes. Metabolism 1985; 34: 797-801.

. Obrant KJ, Bengner U, Delmas PD. Bone Gla: protein in blood derived directy from humaﬁ

bone tissue. Calcif Tissue Int 1989; 44: 296-297.

. Kruse K, Kracht U. Evaluation of serum osteocalcin as an index of altered bone metabolism.

Eur J Pediatr 1986; 45: 27-33.

. Deftos U. Bone protein and peptide assays in the diagnosis and management of skeletal disease.

Clin Chem 1991; 37: 1143-1148.

Pedrazzoni M, Ciotti G, Piolli G, et al. Osteocalcin levels in diabetic subjects. Calcif Tissue
Int 1989; 45: 331-336.

Glajchen N, Epstein S, Ismail F, Thomas S, Fallon M, Chakrabarti S. Bone mineral metabolism

in experimental diabetes mellitus: osteocalcin as a measure of bone remodeling. Endocrinology
1988; 123: 290-295.

Pagaoglu H, Istdal M, Hasanoglu A, Yticesoy M. Adult ve juvenil tip diabetlilerde serum 1.25 (OH),
Vitamin D, paratiroid hormon degerlerinin incelenmesi. Erciyes Tip Dergisi 1989; 11: 296-302.

Gundberg CM, Markowitz ME, Mizruchi M, Rosen IF: Osteocalcin in human serum: a circadian
rhythm. J Clin Endocrinol Metab 1985; 60: 736-739.

Heath lll H, Lambert PW, Service FJ, Armaudd SB. Calcium homeostasis in diabetes mellitus.
J Clin Endocr Metab 1979; 49: 462-466.

Colette C, Monnier L, Arnal J, Selam JL, Mirouze J. Effects of different insulin administration
modalities on vitamin D metabolism of insulin-dependent diabetic patients. Adv Exp Med Biol
1986; 208: 501-508.

Frazer TE, White NH, Hough S, et al. Alterations in circulating vitamin D metabolites in the
young insulin-dependent diabetic. J Clin Endoc Metab 1981; 53: 1154-1159.

Hough S, Russell JE, Teitelboum SL, Avioli LV. Calcium homeostasis in chronic streptozotocin-
induced diabetes mellitus in the rat. Am J Physiol.1982; 242: E 451-456.

Farrugia W, Fortune CL, Heath J, Caple IW, Wark JD. Osteocalcin as an index of osteoblast
function during and after ovine pregnancy. Endocrinology 1989; 125: 1705-1710.

Prince PA, Williamson MK, Lothringer JW. Origin of the Vitamin-K dependent bone protein bone
protein found in plasma and its clearance by kidney and bone. J Biol Chem 1981; 256:
12760-12764.

Price PA. The effect of 1.25-dihydroxyvitamin D, on the vitamin K-dependent protein of bone.
In: Kumar Rr (ed). Vitamin D Metabolism: Basic and Clinical Aspects. Nijhaf, The Hague; 1984:
347-410.

Lian JB, Couttes MC, Canalis E. Studies of hormonal regulation of osteocalcin synthesis in
cultured fetal rat calveria. J Biol Chem 1985; 260: 8706-8710.

Guarneri MP, Weber G, Gallia P, Chiumello G. Effect of insulin treatment of osteocalcin levels
in diabetic children and adolescents. J Endocrinol Invest 1993; 16: 505-509.

Pasaoglu H, Ustdal M, Hasanoglu E, Yicesoy M. 1.25 Dihydroxycholecalciferol and vitamin
D binding protein levels in juvenile and adult diabetes. Tr J Med Sci 1991; 15: 497-499.



Volume 37 Ostaocakcin in Type | DM 329
Number 4

24. Verhaeghe J, Suiker AMH, Nyomba BL, et al. Bone mineral homeostasis in spontaneously
diabetic BB rats. |l. Impaired bone turnover and decreased osteocalcin synthesis. Endocrinology
1989; 124: 573-582.

25. Pietschmann P, Schernthaner G, Woloszczuk W. Serum osteocalcin levels in diabetes mellitus:
analysis of the type of diabetes and microvascular complications. Diabetologia 1988; 31: 892-895.



