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Metabolic syndrome

Grundy SM, 2016



Management of metabolic syndrome

Grundy SM, 2016



Systemic changes induced by adipose tissue dysfunction

King S, 2021 (adapted)
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The molecular action of MetS and its components on 
osteoblastogenesis and osteoclastogenesis 

Chin KY, 2020



Metabolic Syndrome and Osteoporosis in Relation to Muscle Mass

Lee K, 2015

Odds ratios (95 % confidence interval)* 
of combined groups
of muscle mass and metabolic 
syndrome (MetS) for prevalent
osteoporosis in Korean men and 
women

 Combination of high muscle
mass and MetS was associated with 

lower prevalence of osteoporosis 
in Korean men and women.



Metabolic syndrome and the risk of osteoporosis

Liu W, 2020

 MS was significantly associated with a 31 lower osteoporosis risk



Relationship between Metabolic Syndrome and Bone Health

 Positive association between metabolic syndrome and bone 
mineral density

 Negative association between metabolic syndrome and bone 
mineral density

 Sex specific relationship between metabolic syndrome and bone 
mineral density

 relationship between metabolic syndrome and bone fracture



Positive association between metabolic syndrome and bone mineral density

Bone Mineral Density in Adults with the Metabolic
Syndrome: Analysis in a Population-Based U.S. Sample

Kinjo M, 2007



Positive association between metabolic syndrome and bone mineral density

Associations between the metabolic syndrome and bone health in older men and women: the Rancho 
Bernardo Study

D. von Muhlen, 2007

The positive association between MetS and BMD was driven by mechanical loading reflected through BMI.
This observation is evident when BMI-adjustment attenuates or reverses the association between MetS and 
BMD 



Negative association between metabolic syndrome and bone mineral density

The relationship between low bone mass and metabolic syndrome in Korean women

Hwang  DH, 2010



Negative association between metabolic syndrome and bone mineral density

Metabolic syndrome is associated to an increased risk of low bone mineral density in free living women ‑
with suspected osteoporosis 

Rendina D, 2021
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Sex specific relationship between metabolic syndrome and bone mineral density

Association between Metabolic Syndrome and Bone Mineral Density – Data from the Berlin Aging Study II 
(BASE-II)

Eckstein N, 2016
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Sex specific relationship between metabolic syndrome and bone mineral density

Metabolic syndrome and bone metabolism: the Camargo Cohort Study

Hernandez JL, 2010



Sex specific relationship between metabolic syndrome and bone mineral density

Low bone mineral density is associated with metabolic syndrome in South Korean men but not in women: The 
2008–2010 Korean National Health and Nutrition Examination Survey

Kim YH, 2013

At any given BMI, men had higher visceral fat compared to women, so they are more susceptible to the 
adverse effects of MetS.



Relationship between metabolic syndrome and bone fracture

Features of the metabolic syndrome and the risk of non-vertebral fractures: The Tromsø study

Ahmed LA, 2006

Population- based, 6-year follow-up of 27,159 subjects from the municipality of Tromsø, followed from 1994 until 2001.
Age range was 25–98 years. 

 Increasing number of metabolic syndrome features was associated with significantly reduced fracture risk in both men and women.
  High BP was protective against fracture in men 
 Increased body mass index (BMI) was protective in women



Relationship between metabolic syndrome and bone fracture

Association between metabolic syndrome and bone fractures: a meta-analysis of 
observational studies

Sun K, 2014

Prevalence of Fractures Incidence of Fractures



Relationship between metabolic syndrome and bone fracture

The Association between Metabolic Syndrome, Bone Mineral Density, Hip Bone Geometry and 
Fracture Risk: The Rotterdam Study

Muka T, 2015



Effects of Metabolic syndrome treatment on bone

STATINS:  suppress the mevalonate pathway by inhibiting 3-hydroxy-3-methyl-
glutaryl-CoA reductase, thereby reducing prenylation of GTPases, which favours bone 
formation. 

ANTIDIABETIC DRUGS:
1)Biguanides, insulin, sulfonylureas, glucagon-like peptide-1 (GLP-1) and dipeptidyl 
peptidase-4  (DPP-4) inhibitors promote osteoblast differentiation 
2)sodium-glucose co-transporter 2 inhibitors and thiazolidinedione enhance bone loss
3)Increased association with hypoglycaemia, which contributes to increased fracture 
risk

ANTI HYPERTENSION DRUGS: thiazide diuretics and beta-blockers are associated with 
a small benefit in fracture risk reduction



Effects of Metabolic syndrome treatment on bone: weight reduction

Seimon RV, 2019



Effects of Metabolic syndrome treatment on bone: weight reduction

Hunter GR, 2014



Effects of Metabolic syndrome treatment on bone: weight reduction 
by bariatric surgery

 Bariatric surgery might be associated with increased PTH, bone turnover and reduced circulating calcium 
level and BMD

 Bariatric surgery increased the risk of total and non-vertebral fractures, especially of the upper arms

 Deficiency of nutrients, such as protein, folate, vitamin B6, B12 and trace elements may have detrimental 
effects on bone.

Zhang Q, 2019

Liu C, 2015



Effects of Bisphosphonate Treatment on Circulating Lipid and 
Glucose Levels in Patients with Metabolic Bone Disorders

Iannuzzo G, 2021



Take home message

 The relationship between MetS and BMD is complex. After adjusting for the 
effects of mechanical loading exerted by BMI, the association seems to be 
negligible. In addition, the relationship may be mediated by sex. 

 The improvements of metabolic profile, glycaemic status, lipid profile and blood 
pressure will lead to reduced inflammation and oxidative status of the patients 
and benefit their bone health. 

 Excessive weight loss due to MetS management could be detrimental to the bone, 
and exercises can balance it. In particular, the combination of calorie restriction 
and exercise can promote a reduction in fat mass while retaining lean and bone 
mass

 Proper management of MetS can benefit not only the cardiovascular system but 
also the skeletal system. 
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