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CLINICAL STUDY

Vitamin D deficiency — a possible link between osteoporosis

and metabolic syndrome

Brazdilova K, Dlesk A, Koller T, Killinger Z, Payer J

5th Department of Internal Medicine, Medical Faculty of Comenius University and University Hospital Bratislava,

Bratislava, Slovakia. kristina.brazdilova@gmail.com

Abstract: Objectives: The aim of our study was to evaluate the relationship between bone mineral density (ex-
amined by DXA — dual energy x-ray absorptiometry), vitamin D, levels and the signs of metabolic syndrome.
Methods: We examined 55 subjects (37 women, 18 men, age median 67.8 years) with no history of osteoporo-
sis, suffering from metabolic syndrome (defined as abdominal obesity and more than 2 of other components —
arterial hypertension, dyslipidemia and diabetes mellitus or impaired glucose tolerance, according to IDF, 2006).
Results: Osteoporosis (T-score less than — 2.5) was found in 32.7 % (15 women and 3 men) and osteopenia
(T-score between — 1.5 and — 2.5) in 29 % (13 women and 3 men) of patients. We observed a negative cor-
relation between BMI and fat percentage (examined by DXA) and vitamin D, levels. Low concentration of vita-
min D, was found in 90 % of patients with median 19.36 ug/l (64 % measured in winter, 36 % in summer, no
relationship between vitamin D, levels and season). We also observed a negative correlation between the low
concentration of vitamin D, and presence of diabetes mellitus as a part of metabolic syndrome.

Conclusion: The link between osteoporosis and metabolic syndrome could influence the therapeutic approach
in both disorders and vitamin D supplementation may play an important role in prevention of these severe con-

ditions (Tab. 5, Fig. 1, Ref. 29). Full Text in PDF www.elis.sk.
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Abbreviations: DXA — dual energy x-ray absorptiometry,
IDF — International Diabetes Federation, BMI — Body Mass In-
dex, WHO — World Health Organisation, NCEP-ATP — National
Cholesterol Education Program; Third Adult Treatment Panel, 25
(OH) vitamin D — 25-hydroxyvitamin D, 1,25 (OH), vitamin D
— 1,25-dihydroxyvitamin D, PTH — parathormone, Ca — calcium,
LDL — low-density lipoprotein, HDL — high-density lipoprotein,
TAG - triacylglyceride, BMD — Bone Mineral Density, SD —
Standard Deviation, DM — Diabetes Mellitus, CARDIA — Coronary
Artery Risk Development in Young Adults, NHS — Nurses Health
Study, HPFS — Health Professionals” Follow-up Study.

Osteoporosis and metabolic syndrome, two multifactorial
disorders, are medical problems with a major epidemiological
dimension. Several common pathophysiological factors for both
entities have been suggested. These include many factors (lipid oxi-
dation products, inflammatory factors, estrogens, parathormone)
and vitamin D deficiency could be one of the most important one.

Osteoporosis

Osteoporosis is an important health problem with major epide-
miological dimension. Itis defined as a progressive systemic skeletal

5th Department of Internal Medicine, Medical Faculty of Comenius Uni-
versity and University Hospital Bratislava, Bratislava, Slovakia

Address for correspondence: K. Brazdilova, MD, 5th Dept of Internal

Medicine, Pazitkova 4, SK-821 01 Bratislava, Slovakia.
Phone: +421.908191504

Tab. 1. Decrease of bone density can be divided into 3 main groups (1).

Osteopenia decrease of bone density that leads to osteopo-
rosis (praeclinical osteoporosis) with mild in-

creased risk of fracture (T-score —1.0 to —2.5)

Osteoporosis without
pathologic fracture

T-score below Vitamin D metabolism (Fig.1)
(6):2.5

T-score below —2.5 and 1-3 vertebral fractures
without adequate trauma

Osteoporosis with
pathologic fracture

Severe osteoporosis decrease of bone density, multiple vertebral

fractures and frequent nonvertebral fractures

disorder characterised by decrease of bone mass and impaired mi-
croarchitecture of bone tissue predisposing a person to an increased
risk of fracture. The WHO Working Group defines osteoporosis
according to measurements of bone mineral density (BMD) using
dual energy x-ray absorptiometry (DXA). Thu, osteoporosis is de-
fined as a bone density T-score at or below 2.5 standard deviations
(T-score) below normal peak values for young adults (1) (Tab. 1).

A metaanalysis of large clinical studies by the WHO affiliated
working group has considered the following as the most signifi-
cant risk factors:

1. Osteoporosis risk factors unmodifiable: genetic predisposi-
tion — a higher risk in Caucasians and patients with a family his-
tory of osteoporosis fractures and thin stature; age; gender — more
significant risk in women compared to men.

2. Osteoporosis risk factors modifiable (WHO Scientific Group
2007) (2): physical activity; physical inactivity — inactivity-induced
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Tab. 2. NCEP-ATP Il (National Cholesterol Education Program;
Third Adult Treatment Panel) (2001) (4).

It requires at least three of the following:

1. waist circumference >102 cm in male and >88 cm in female

2. blood pressure >130/85 mmHg

3. fasting plasma glucose >6.0 mmol/l

4. triglycerides >1.7 mmol/l

5. high-density lipoprotein cholesterol <1.25 mmol/l (female) or 1.0
mmol/l (male)

Tab. 3. IDF (International Diabetes Federation) (2006) (4).

Waist circumference + at least two of the following — arterial hypertension,
dyslipidemia, diabetes mellitus or impaired glucose tolerance)

Normal waist circumference: Men Women
Europe, USA <94 cm <80 cm
South Asia, China <90 cm <80 cm
Japan <85 cm <90 cm

osteoporosis develops during a complete immobilization. Depend-
ing of the intensity of bone metabolism in the individual patient,
significant loss of bone mineral density occurs over weeks to
months. Dietary supply of calcium-insufficient supply of calcium,
a disturbance of its absorption from the gastrointestinal tract and
increased excretion in the kidneys may lead to a negative calcium
balance and increased bone loss. Body weight — reduced body
weight, often combined with other risk factors, increases the risk
of postmenopausal osteoporosis. The BMI <19 kg/m? is an im-
portant risk factor for fractures.

3. Diseases that leads to secondary osteoporosis (3): hypo-
gonadal states (Turner syndrome, Klinefelter syndrome, anorexia
nervosa, hypothalamic amenorrhea, hyperprolactinemia, prolonged
premenopausal amenorrhea >1 year, early menopause <45 years,
bilateral oophorectomy, premature ovarial failure, testosterone
deficiency in men), endocrine diseases (Cushing’s syndrome, hy-
perparathyroidism, hyperthyroidism, hypothyroidism, diabetes
mellitus, acromegaly, adrenal insufficiency), malnutrition, mal-
absorption, parenteral nutrition (coeliac disease, Crohn’s disease,
lactose intolerance, after gastrectomy or intestinal resection, liver
diseases), rheumatologic or systemic/inflammatory disorders (rheu-
matoid arthritis, ankylosing spondylitis, systemic lupus erythema-
tosus, juvenile idiopathis arthritis, amyloidosis, sarcoidosis), renal
insufficiency, hematologic disorders (multiple myeloma, monoclo-
nal gammopathies, lymphoma and leukemia, hemophilia, thalas-
semia), some inherited disorders (osteogenesis imperfecta, Marfan
syndrome, hemochromatosis, hypophosphatasia, homocystinuria,
porphyria), scoliosis of unknown cause, Parkinson’s disease, chron-
ic obstructive pulmonary disease, oncology diseases, some chronic
medication (glucocorticoids, barbiturates, phenytoin, antiepileptics,
L-thyroxin, aromatase inhibitors, methotrexate, anticoagulants,
proton pump inhibitors, antacids, lithium, antidiabetics).

Metabolic syndrome

Metabolic syndrome is a combination of medical disorders
that significantly increase the risk of developing cardiovascular

disease, stroke and type 2 diabetes mellitus. There are currently 3
major definitions for metabolic syndrome (Tabs 2 and 3).

Vitamin D

Vitamin D influences bone metabolism in a complex way and
has an essential role in the normal development of the skeleton.
As well as the dietary intake, the synthesis of vitamin D, (chole-
calciferol) in skin by sunlight is the main source of vitamin D in
humans. Following hydroxylation in the liver, it is transformed
into 25-hydroxy (25-OH) vitamin D, and then, in the kidneys,
1,25-dihydroxy vitamin D, and 24,25-dihydroxy vitamin D are
synthesised via relevant hydroxylases (see the scheme bellow). The
bone and intestines are the main target organs of calcitriol. Vita-
min D plays an important role in calcium homeostasis. A number
of cells possess receptors for vitamin D and so this is the reason
of its other functions (2, 5) (Fig. 1).

The concentration of 25 (OH) vitamin D, is a relevant indi-
cator of the total vitamin D status in the body as it represents the
amount of vitamin D synthesised and ingested. The recommended
daily intake of vitamin D is approximately 800 IU and over 1000
IU for treatment. Some authors recommend even higher doses. A
daily intake up to 2000 IU is generally considered safe (2). The
main regulator of vitamin D levels is PTH (parathormone) and
hypocalcemia, which increases its secretion. Other regulators are
growth hormone, prolactine and sex hormones (7).

Main functions of vitamin D (7):
1. regulation of calcium and phosphorus levels in blood,
. bone metabolism,
. inhibition of PTH secretion,
. immunomodulatory effect,
. prevention and treatment of oncology diseases,
. effect in metabolic syndrome and cardiovascular diseases.

[© NS I SNV I S ]

Methods

The aim of our study was to evaluate the relationship between
bone mineral density, body fat percentage, vitamin D, levels and
signs of metabolic syndrome.

We examined 55 subjects (37 women, 18 men, age median 67.8
years) with no history of osteoporosis, suffering from metabolic
syndrome (defined as abdominal obesity and more than 2 of other
components —arterial hypertension, dyslipidemia and diabetes mel-
litus or impaired glucose tolerance, according to IDF, 2006) (Tab. 4).

The bone mineral density (in lumbar spine and hip) and body
fat was examined by DXA — dual energy x-ray absorptiometry
(Hologic — Discovery) and vitamin D, levels by electrochemilu-
miniscence immunodetection. The Spearman rank order correla-
tion analysis has been used.

Results

Osteoporosis (T-score less than —2.5) was found in 32.7 % (15
women and 3 men) and osteopenia (T-score between —1.5 and —2.5)
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Fig. 1. Vitamin D metabolism (6).

in 29 % (13 women and 3 men) of patients. We observed a negative
correlation between BMI and fat percentage (examined by DXA)
and vitamin D, levels. Low concentration of vitamin D, was found
in 90 % of patients with the median 19.36 ug/1 (64 % measured in
winter, 36 % in summer, no relationship between vitamin D, levels
and season). We also observed a negative correlation between a
low concentration of vitamin D, and a presence of diabetes mel-

Tab. 4. Patients.

89 % (49 patients)
87.2 % (48 patients)
92.7 % (51 patients)

arterial hypertension
dyslipidemia
diabetes mellitus or impaired glucose tolerance

Tab. 5. Characteristics of patients.

Median Standard Normal range
deviation (sd)
Vitamin D3 19.36 ug/l 7.6 ug/l 30-80 ug/l
Ca 2.23 mmol/l 0.3 mmol/l 2.1-2.55 mmol/Il
cholesterol 4.21 mmol/l  1.01 mmol/l 3.5-4.5 mmol/l
LDL 2.3 mmol/l 1.0 mmol/l  less than 1.8 mmol/l
HDL 1.15 mmol/l  0.45 mmol/l 1.0-2.7 mmol/l
TAG 1.82 mmol/l  1.27 mmol/l  0.45-1.7 mmol/l
BMI 28.73 kg/m*> 4.8 kg/m? 20-25 kg/m?
fat 36.72 % 7.66 % M 18-24 %
W 25-31 %
waist circumference  101.72 cm 11.6 cm M less than 94 cm
W less than 80 cm
BMD spine 0.96 g/cm*>  0.17 g/em?
BMD hip 0.89 g/lem?*  0.19 g/cm?
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litus as a part of metabolic syndrome. The relationship between
vitamin D, levels and dyslipidemia and arterial hypertension was
not confirmed (Tab. 5).

Discussion

DXA is widely used by clinicians and researchers for the evalu-
ation of bone status and soft tissue composition. With DXA, we
can get information about body composition that include BMC
(bone mineral content), BMD (bone mineral density), fat and other
soft tissues. The underlying principle is its ability to quantify the
attenuated radiation after its passage through bone and soft tissue
using either K-edge filters or pulsed power sources to the x-ray
tube. Subsequently, the differential attenuation of the two ener-
gies is utilized to quantify bone, lean, and/or fat tissue (8). DXA is
considered one of the most precise technologies in clinical medi-
cine with the typical coefficients of variation between 1-2 % (9).
It performs whole-body scans and can be used to determine the
bone and soft tissue composition of the whole body and subregions
such as arms, legs, and trunk (10, 11, 12), and it can be also used
to evaluate aortic abdominal calcifications (13). The effective dose
incurred during DXA scanning is very small, and, consequently,
DXA is a simple and safe technique that can be used for children
and the old and frail (10, 11).

It is supposed that the relationship between vitamin D levels
and metabolic syndrome is mediated by its affect on each com-
ponent of metabolic syndrome. Various researchers published the
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association between vitamin D levels and central obesity, insulin
secretion, insulin sensitivity, lipidemia and also arterial hyper-
tension (7).

Obese individuals are at a risk for a number of metabolic and
endocrine abnormalities. Obese adults and overweight children
have been found to have low 25-hydroxyvitamin D and this in-
formation have been confirmed by our study. Several investiga-
tors have reported that, upon binding to the vitamin D receptor,
1,25-vitamin D can cause an increase in intracellular calcium that
in turn can stimulate lipogenesis and inhibit lipolysis in adipocytes
(14). Some studies found that low calcium and vitamin D intake
are linked to obesity. We observed a negative correlation between
obesity and vitamin D, levels. Low concentration of vitamin D,
was found in 90 % of patients with median 19.36 ug/l (64 % mea-
sured in winter, 36 % in summer, no relationship between vitamin
D, levels and season).

In population with a higher calcium and vitamin D intake,
a significant decrease in prevalence of overweight, obesity and
insulin resistance was observed and several studies also found a
negative association between dairy calcium intake and PTH and
vitamin D levels (15). With regard to calcium homeostasis, the
calcium-regulating hormones vitamin D and PTH have both been
shown to stimulate a significant and sustained increase in intra-
cellular calcium concentrations. This is the main mechanism that
leads to stimulation of lipolysis and inhibition of lipogenesis in
adipocytes (16, 17). Various studies demonstrate a beneficial role
for dietary calcium in the partitioning of dietary energy, resulting
in reductions in body fat and an acceleration of weight and fat loss
during energy restriction. Interestingly, dairy sources of calcium
exert substantially greater effects than supplemental or fortified
sources of calcium (17).

Hypovitaminosis D has long been suspected as a risk fac-
tor for glucose intolerance. Various studies found that vitamin D
could play a role in the pathogenesis of type 2 diabetes, by affect-
ing either insulin sensitivity or beta-cell function, or both (18).
The role of vitamin D in the metabolic syndrome is suggested by
a report from the Coronary Artery Risk Development in Young
Adults (CARDIA) Study, a population-based prospective study.
In sampling 3157 black and white adults aged 18-30 years from
4 US metropolitan areas, it was observed that dairy consumption
was inversely associated with the incidence of insulin resistance
syndrome among overweight adults. Subjects with the highest
dairy consumption had a 72 % lower incidence of the metabolic
syndrome than did those with the lowest dairy intake. Therefore,
dairy consumption may reduce the risk of type 2 diabetes and
cardiovascular disease (19). We observed an inverse association
between vitamin D, levels and presence of diabetes mellitus.

The effect of vitamin D in pregnant patients was studied as
well. Hypovitaminosis D was in the relationship with fetal beta-
cell dysfunction and then also with insulin resistance in young
children. In this study, hypovitaminosis D was observed in a 70
% of women with type 2 diabetes. After 1 month administration
of cholecalciferol (1330 IU), they had normal vitamin D levels
and also a significantly decreased insulin resistance (about 21 %
lower) (20).

Various authors suggest that increase in calcium and vitamin
D intake leads to decrease of triglycerides and TG/HDL ratio, too
(21). Some studies also observed the relationship between vitamin
D and PTH levels and the process of atherosclerosis (AS) (22,
23). The pathogenesis of atherosclerosis shares features of skel-
etal bone formation: cells with osteoblast phenotype have been
identified in the stenotic aortic valve, and mature lamellar bone
commonly occurs in end-stage AS. It was found that an increased
PTH with a lower vitamin D level was independently associated
with AS in a prospectively collected sample of patients with sig-
nificant coronary artery disease, and moderate to severe AS with
preserved renal function. These results suggest a dysregulation
of calcium-phosphate metabolism, with elevated PTH and lack
of vitamin D, as a possible pathogenetic factor in AS in patients
with coronary artery disease (22).

Emerging evidence from clinical studies has demonstrated
an inverse relationship between circulating vitamin D levels and
the blood pressure and/or plasma renin activity, but the mecha-
nism is yet not understood. It is suggested that the inhibition of
1,25(0OH),D, synthesis leads to an increase in renin expression and
also to the inhibition of smooth muscle cells proliferation, whereas
1,25(0OH),D, injection leads to renin suppression. Thus, vitamin
D is a novel negative endocrine regulator of the renin-angiotensin
system (24, 25). Previous studies have also shown that intravenous
infusion of PTH increases plasma renin activity and renin release in
humans and animals, but the molecular mechanism whereby PTH
regulates renin expression in vivo remains unknown. PTH may
indirectly regulate renin expression in vivo (26). We didn't evalu-
ate a potentional connection between the serum levels of parathor-
mone and any part of metabolic syndrome. Forman examined the
independent association between the vitamin D intake and the risk
of incident hypertension among participants of 3 large and inde-
pendent prospective cohorts: Nurses Health Study I (NHS [, n=77
436), NHS 1II (n=93 803), and Health Professionals” Follow-up
Study (HPFS, n=38 074). Each cohort was followed for >§ years.
Surprisingly, vitamin D intake was not associated with the risk of
developing hypertension (27). In other studies, the association of
1,25-dihydroxyvitamin D, and blood pressure has been shown in
normotensive men, myocardial infarction was inversely associated
with plasma 25-hydroxyvitamin D, levels, and a higher blood pres-
sure in elderly women correlated to an increased bone loss. Pfeifer
demonstrated that short-term supplementation with vitamin D, and
calcium was more effective in reducing systolic blood pressure
than calcium alone, and this effect is most likely to be due to the
restoration of parathyroid gland function to normal (28).

Conclusion

Vitamin D deficiency is now recognised as a worldwide con-
cern and metabolic syndrome has become a global epidemic.
Various authors suggest that hypovitaminosis D may increase
the risk of metabolic syndrome. According to many researchers,
circulating concentrations of vitamin D may be inversely related
to the prevalence of diabetes, impaired glucose tolerance, insulin
resistance, arterial hypertension and lipidemia.
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An inadequate vitamin D, and calcium intake are not only a
risk for osteoporosis, but they could play a contributory role in the
pathogenesis and progression of hypertension and cardiovascular
disease, particularly in elderly people with vitamin D deficiency
and secondary hyperparathyreoidism (28, 29).

The link between osteoporosis and metabolic syndrome could
influence the therapeutic approach in both disorders and vitamin
D supplementation may play an important role in prevention of
these severe conditions.
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