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Abstract: Specialized data indicate an increased incidence and frequent association of degenerative
diseases which cannot be attributed solely to old age, but which can be explained by pathogenic
mechanisms common to these diseases. Current research suggests that metabolic syndrome (MS) and
atherosclerosis (ATS) is associated with osteoporosis (OP) and favours the progression of osteoarthritis
(OA). Specialized literature considers MS as the connecting element. Systemic inflammation plays an

important part, being essential in the pathogenesis of degenerative diseases. Optimal therapy should act
simultaneously at both cardiovascular and skeletal level, current resear ch being focused on this.

Metabolic syndrome is associated with obesity,
dyslipidemia, hypertension and hyperglycemia. Metabolic
syndrome is multifactorial and results from aging combination
with genetic factors and lifestyle, low physical activity and
excessive caloric intake. The release of cytokines in the adipose
tissue contributes to insulin resistance which induces the
disorder of lipid, glucose metabolism and high blood pressure.
Because of these disorders, metabolic syndrome is associated to
cardiovascular morbidity and mortality (figure no. 1).

Figure no. 1 Metabolic syndrome
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Although increased body mass index was correlated
with increased bone mineral density, it has been shown that
metabolic syndrome is actually associated with a reduction in
bone mass and increased fracture rate, as well as an increased
incidence of osteoarthritis.(1,2,3)

It has been demonstrated that systemic inflammation
holds a central place in the pathogenesis of osteoarthritis,
metabolic syndrome and atherosclerosis. Substances called
adipocytokines are released in the adipose tissue, that in terms of
their effect are the following:

- pro-inflammatory adipocytokines: TNF-alpha, IL-6, leptin,
plasminogen activator inhibitor (PAI-1), angiotensinogen,
resistin and C-reactive protein (CRP); they are mediators of
endothelial damage and atherosclerosis, maintaining at the
same time, the cartilage and bone destructive process;

anti-inflammatory adipocytokines: nitric oxide (NO) and
adiponectin, which have protective, anti-atherosclerotic
role.

Excess proinflammatory cytokines secreted in the
adipose tissue cause endothelial damage and the devel opment of
atherosclerosis and maintain cartilage and bone destructive
process.(4)

The association between  osteoporosis and
atherosclerosis, respectively atherosclerotic calcification, is
supported through the similarity of bone and vascular
mineralization process.(5,6)

The interrelation between the reduction in bone
mineral density and vascular calcification process is
incompletely elucidated. An important part is played by vitamin
K deficiency, which is common to atherosclerosis and
osteoporosis and vitamin D deficiency, which is associated with
asignificant increase in cardiovascular disease.(7)

Currently, it is considered that the vascular
calcification is an active, organized and regulated process,
largely similar to the process of bone formation or bone
remodeling.

Vascular calcification supposes the osteogenic
differentiation of vascular cells with osteoblastic potential,
osteoid matrix production in vascular structures and subsequent
mineralization. The process involves the intervention of
complex, intercellular and molecular signaling systems, found in
bone formation.(8)

Stimuli for phenotypic osteogenic differentiation of
the vascular cells are the inflammatory status, oxidized lipids
and oxidative stress. In the atherosclerotic plague, there are
present bone regulatory proteins - osteopontin (OPN), bone
morphogenetic proteins (BMPs), matrix Gla-protein (MGP,
matrix- Gla proteins), osteoprotegerin (OPG), Receptor activator
of nuclear factor-kappa B ligand (RANKL). They are expressed
by vascular cells (endothelial cells, monocytes / macrophages, T
lymphocytes, vascular smooth muscle cells (VSMCs), calcifying
vascular cells (CVC) etc.).(9)

One of the regulation systems is the RANK / RANKL
/ OPG system, which has a mgjor importance in bone and
immune biology. Recent data support the involvement of this
system in the vascular biology, respectively in the vascular
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calcification process.(10,11)

Gene transcription-activating factor (TGF-p) has a
dual effect (opposite) at vascular and bone level, resulting in
mineralization amplification in both types of tissue: decline in
the RANKL / OPG relation at bone level favours bone
mineralization through the inhibition of osteoclastic resorbtion,
and the increase of RANKL / OPG ratio at vascular level
promotes vascular calcification through the stimulation of
osteogenic differentiation and calcification of the vascular
smooth muscle cells (VSMC).(12,13)

The most frequent combination found in the elderly is
high blood pressure, vascular wall calcification and reduction in
bone mineral density.(14) In this context, the renin-angiotensin
system plays an important part as a central regulator of blood
pressure and fluid and electrolyte balance and having
physiological function in bone remodelling.(15) Angiotensin Il
is regarded as a negative regulator of bone turnover and bone
mass through AT1 receptors, as demonstrated by clinical
studies.(15)

Regarding the correlation between diabetes and
osteoporosis, study results indicate diabetes as a risk factor in
the onset of osteoporosis and osteoporotic fractures.(16)
Osteoporosis occurs through:

- decrease bone formation due to lack of insulin;
calcium loss through urine, accompanying glycosuria;
involvement of innate abnormalities;
increased bone resorption by insufficiently specified
mechanisms.(16,17)

Frequent association of arthritis with diabetes mellitus
may be explained by the fact that the hyperglycemia is a joint
degradation trigger. Locally, increasing glucose concentration
increases glycation end products, the production of
proinflammatory mediators, resulting in cartilage matrix
ateration, modification of subchondral bone quality and the
activation of chondrocytes and synoviocytes. Systemic toxicity
determines a low degree of inflammation that aggravates
arthritic process. Neurotoxicity within diabetes brings about
neuromuscular deficiency that destabilize and exacerbate joint
arthritis.(18)

Atherosclerosis favours the development of
osteoarthritis as vascular damage from subchondral bone may
accelerate the degenerative articular process through the
ateration of cartilage nutrition and through the ischemic direct
effect on the bone. Thus, the mechanical properties of the bone
are altered, reducing the ability to absorb mechanical shocks and
increasing cartilage susceptibility to damage. In addition,
dyslipidemia may cause disorganization of the articular
metabolism.(19)

Obesity promotes the development of osteoarthritis
inducing chronic inflammation by increasing the synthesis of
proinflammatory cytokines in the adipose tissue, al these being
capable to initiate the synovial inflammation. Obesity also
causes functional joint overloading of the bearing joints
(especialy, the knees) favouring the destruction of cartilage.(4)

Due to common pathogenic mechanisms presented in
the literature, arthritis and osteoporosis fall among the
components of the metabolic syndrome.(20,1)

The management of associated degenerative diseases
should aim each condition separately, the ideal treatment being
considered that with concomitant action, cardiovascular and
skeletal. Pharmacological and non-pharmacological means used
are:

treatment of the metabolic syndrome: statins;

treatment of osteoporosis - vitamin D;

- antiosteoporotic agents;

treatment of  osteoarthritis:

calcium, vitamin D,

chondroprotectives;
hygienic-dietary regime;
means of medical rehabilitation.

Statins inhibit the enzyme 3-hydroxy-3 methylglutaryl
coenzyme A reductase (HMG-CoA reductase) involved in the
synthesis of cholesterol. At the same time, they accelerate bone
morphogenetic protein-2 expression, an important mediator of
osteoblast differentiation and bone formation. Studies have
shown that statins significantly reduce the risk of fracture, and
through their anti-inflammatory and antiateroscerotic effect,
they could modulate calcium redistribution between arteries and
bones.(21)

Vitamin D plays an important part in vascular and
bone protection.(22) Vitamin D deficiency increases the risk of
falls and fractures, hyperparathyroidism secondary with
increased bone resorption, vascular calcifications and the
significant increase in cardiovascular disease. It is, therefore
necessary in the elderly, a daily intake of 800 -1000U1.(7)

Bisphosphonates reduce bone resorption and the risk
of fracture. In addition, they have the potential to reduce the
atherosclerotic process by interfering with the synthesis of
cholesterol, systemic inflammation and oxidative stress. Most
animal studies show a clear anti-atherogenic activity of
bisphosphonates. Instead, clinical trial data are not consistent or
conclusive, given the high affinity of bisphosphonates for bones,
which prevents the accumulation in other tissues, the
concentration required to exert a pharmacological clear effect.
At the same time, nitrogen-containing bisphosphonates can
reduce cardio-vascular calcifications.(21)

Medical rehabilitation, especialy physical therapy
aims at:

preventing and treating atherosclerotic cardiovascular
diseases;(23)

preserving bone mass, reducing bone loss and fracture risk,
caused by falls;(24)

maintaining or restoring mobility, joint stability and ability,
strength and muscle composition.

Conclusions:

Metabolic syndrome, atherosclerosis, osteoporosis and
arthritis have similar biochemica and inflammatory profile,
which determines their frequent association. Searching for the
development of therapeutic strategies, is therefore encouraged,
to have both cardiovascular and skeletal effects. Among the
drugs that can simultaneously increase bone mineral density and
reduce the progression of atherosclerosis, we can mention
bisphosphonates, statins, vitamin D, beta-blockers and possible,
anti-RANKL antibodies.

REFERENCES

1. Von Muhlen D, Sdfii S, Jassal S.K, Svartberg J, Barrett-
Connor E. Associations between the Metabolic Syndrome
and Bone Health in Older Men and Women: The Rancho
Bernardo Study. Osteoporosis International. 2007;18:1337-
1344,

2. Nelson FRT. Osteoarthritis and Metabolic Syndrome J Am
Acad Orthop Surg. 2012;20:259-260.

3. Zhou J, Zhang Q, Yuan X, Wang J, Li C, Sheng H, Qu S,
Li H. Association between metabolic syndrome and
osteoporosis: a meta-analysis. Bone. 2013 Nov;57(1):30-
35.

4. Oros SE, lanas O, Vladoiu S, Rosca RI, Manda D,
Giurcaneanu M, Neacsu E, Voicu G, Dumitrache C.
Adipochinele si citokinele Tn obezitate, sindrom metabolic
si osteoporoza. Revista Medicala Roména.
2012;L1X(2):87-88.

5. Bandeira E, Neves AP, Costa C, Bandeira F. Association

AMT, val. 20, no. 3, 2015, p. 88



CLINICAL ASPECTS

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

between Vascular Calcification and Osteoporosis in Men
With Type 2 Diabetes Journal of Clinical Densitometry.
2012;15(1):55-60.

Hofbauer LC, Brueck CC, Shanahan CM, Schoppet M,
Dobnig H. Vascular calcification and osteoporosis - from
clinical observation towards molecular understanding
Osteoporos Int. 2007;18:251-259.

Stojanovic Ol, Lazovic M, Lazovic M, Vuceijic M.
Association between atherosclerosis and osteoporosis, the
role of vitamin D. Arch Med Sci. 2011 April;7(2):179-188.
Simon SP, Rednic S. Osteoporoza si ateroscleroza —
mecanisme osteogenice implicate Tn procesul de calcifiere
vasculara. Revista Romani de  Reumatologie.
2011;XX(3):151-157.

Speer MY, Yang HY, Brabb T, Leaf E, Look A, Lin WL,
Frutkin A, Dichek D, Giachelli CM. Smooth muscle cells
give rise to osteochondrogenic precursors and chondrocytes
in calcifying arteries. Circ Res. 2009;104:733-741.
Collin-Osdoby P. Regulation of vascular calcification by
osteoclast regulatory factors RANK L and osteoprotegerin
Circ Res. 2004,95:1046-1057.

Hofbauer LC, Schopper M. Clinical implications of the
osteoprotegerin/ ' RANKL/RANK system for bone and
vascular diseases JAMA. 2004;292:490-495.

lyemere VP, Proudfoot D, Weissberg PL, et a. Vascular
smooth muscle cell phenotypic plasticity and the regulation
of vascular calcification J Intern Med. 2006;260:192-210.
Panizo S, Cardus A, Encinas M. et al. RANKL increase
vascular smooth muscle cell calcification through a RANK-
BMP-4-dependent pathway. Circ Res. 2009;104:1041-
1048.

Hyder JA, Allison MA, Criqui MH, et a. Association
between systemic calcified atherosclerosis and bone density
Calcif Tissue Int. 2007;80:301-306.

Kaneko K, et a. Physiological function of the renin-
angiotensin system in bone remodeling J Bone Miner Res.
2011;26:2959-2966.

Kurra S, Siris E. Diabetes and bone health: the relationship
between diabetes and osteoporosis-associated fractures
Diabetes/Metabolism Research and Reviews.
2011;27(5):430-435.

Saito M, Marumo K. Bone quality in diabetes. Frontiers in
Endocrinology. 2013;4:72:1-9.

Berenbaum F. Diabetes-induced Osteoarthritis from a New
Paradigm to a New Phenotype Ann Rheum Dis.
2011;70(8):1354-1356.

Hoeven TA, Kavousi M, Clockaerts S, Kerkhof HJIM, van
Meurs JB, Franco O, Hofman A, Bindels P, Witteman J,
Bierma-Zeinstra S. Association of Atherosclerosis With
Presence and Progression of Osteoarthritis - The Rotterdam
Study Ann Rheum Dis. 2013;72(5):646-651.

Katz JD, Agrawal S, Velasquez M. Getting to the heart of
the matter: osteoarthritis takes its place as part of the
metabolic syndrome Curr Opin Rheumatol.
2010;22(5):512-9.

Watts N. Bisphosphonates, statins, osteoporosis and
atherosclerosis South Med J. 2002;95(6):578-582.
Anagnostis P, Athyros VG, Admidou F, Florentin M,
Karagiannis A. Vitamin D and cardiovascular disease: a
novel agent for reducing cardiovascular risk? Curr Vasc
Pharmacol. 2010;8:720-730.

Gielen S, Schuler G, Volker A. cardiovascular effects of
exercise training — molecular mechanisms Circulation.
2010;122:1221-1238.

Heinonen |, et al. Bone blood flow and metabolism in
humans: effect of muscular exercise and other

physiological  perturbations
2013;28:1068-1074.

AMT, val. 20, no. 3, 2015, p. 89

J

Bone

Miner Res.



