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Metabolic syndrome

Atherogenic Elevated
Dyslipidemia Blood Pressure

‘ Energy

Excess
&
Pro- ' Obesit ‘ Pro-

inflammatory thromobtic
State ,‘ State
Insulin
Resistance &
Hyperglycemia

Table — Criteria for clinical diagnosis of the metabolic syndrome.
Measure Calegorical cul poinls
Elevaled waisl circumlerence” =102 cm in males

=88 cm in females
Elevaled triglycerides (drug treatment for elevated Lriglycerides is an alternate indicator”) =150 mg/dL (1.7 mmol/L)
Reduced HDL-C (drug trealment for reduced HDL-C is an allernale indicator’) <40 mg/dL (1.0 mmol/L) in males

= 50 mg/dL (1.3 mmol/L) in

females
Elevated blood pressure (ant-hypertensive drug trealment in a patient with a history of hypertension Syslolic =130 and/or diastolic
is an alternate indicator) =85 mmHg

Elevated fasting glucose” (drug lreatment of elevaled glucose is an allernale indicalor) =100 mg/dL

Grundy SM, 2016
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Management of metabolic syndrome

* Lifestyle intervention

* Caloric restriction

* Regular physical activity

* Treatment of atherogenic dyslipidemia: STATINS --- non-HDL-C <100 mg/dI (Il Prev)
LDL-C <70 mg/dI
non-HDL-C <130 mg/dL (I Prev)
LDL-C <100 mg/dL

* Control of blood pressure

* Management of hyperglycemia

* Possible interventions on the pro-thrombotic state (low-dose methotrexate,

various monoclonal antibodies, inhibitors of adhesion molecules, and colchicine)

* Reduction of pro-thrombotic state ( aspirin, caloric restriction and weight loss)

Grundy SM, 2016
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Systemic changes induced by adipose tissue dysfunction

(

High fat diet

Mechanical
loading
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King S, 2021 (adapted)
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The molecular action of MetS and its components on
osteoblastogenesis and osteoclastogenesis
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Metabolic Syndrome and Osteoporosis in Relation to Muscle Mass

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

48
» Combination of high muscle
mass and MetS was associated with
L} lower prevalence of osteoporosis
Non-MetS in Korean men and women.
Women

O High muscle mass 0O Low muscle mass

Non-MetS - Lee K, 2015
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Metabolic syndrome and the risk of osteoporosis

Study g
D OR (95% CI) Weight
Men

Hsin et al. (2018} 0.77(0.39,1.53) &M

Heidari et al. (2017) —_— 0.82(0.45 150) 977
Eckstein et al. (2016) —é—*—— 0.85100.50,1.45) 1053
Lee etal (2015} —O—i— 0.57(0.35,081) 1114
Subtotal (l-squared =0.0%, p =0.681) @ 0.721(0.55 0.96) 4036
|
Women !
Hsin et al. (2018) —E—_ 1.010(0.59,1.73) 1047
Chen etal. (2018) i 3.161(1.28,5.21) 873
Abbasi et al. (2017) — 0.54(0.26,1.13) 8.40
Eckstein et al. (2016) —_— E 0.3500.21,058) 1081
Lee etal (2015} —_— 0.69(0.54, 0.89) 13.49
Maghraoui et al. (2014) + E 0290013 065) 7.74
Subtotal (l-squared = 84.2%, p=0.000} -{3:::— 0.70(0.41,1.22) 59.64
I
Overall (l-squared =73.0%, p=0.000) <1}h 072052, 099 100.00
MOTE: Weights are from random effects analysis E
.1I3 1 T.-lﬁ-B

» MS was significantly associated with a 31 lower osteoporosis risk

Liu W, 2020
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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
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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

TABLE 2. Femoral neck BMD for persons with and without the metabolic syndrome by quintile of BMI®

Metabolic syndrome

No metabolic syndrome

" e {n = 1773) in = 6421) el
All subjects 8149 Unadjusted 0.83 (0.82, 0.84) 0.84 (0.84, 0.85) 0.0020
Age and gender adjusted 0.89 (0.88, 0.539) 0.83 (0.83, 0.83) =0.0001
Fully adjusted® 0.86 (0.85, 0.86) 0.80 (0.80, 0.80) =0.0001
BMI by quintile (kg/m?)
<25.0 3251 Unadjusted 0.69 (0.67, 0.72) 0.80 (0.80, 0.81) =0.0001
Age and gender adjusted 0.82 (0.80, 0.84) 0.80 (0.79, 0.80) 0.045
Fully adjusted® 0.78 (0.76 0.80) 0.77 (0.77, 0.78) 0.7
25.0-29.9 2900 Unadjusted 0.78 (0.77, 0.80) 0.87 (0.86, 0.87) =0.0001
Age and gender adjusted 0.85 (0.84, 0.86) 0.85 (0.84, 0.86) 0.9
Fully adjusted® 0.81 (0.80, 0.82) 0.82 (0.82, 0.83) 0.2
30.0-34.9 1321 Unadjusted 0.86 (0.85, 0.87) 0.90 (0.59, 0.91) =0.0001
Age and gender adjusted 0.89 (0.88, 0.90) 0.88 (0.87, 0.89) 0.3
Fully adjusted® 0.92 (0.90, 0.93) 0.86 (0.85, 0.87) 0.003
=35 722 Unadjusted 0.92 (0.91, 0.94) 0.95 (0.93, 0.97) 0.0045
Age and gender adjusted 0.94 (0.93, 0.96) 0.94 (0.92, 0.95) 0.6
Fully adjusted® 0.92 (0.90, 0.94) 0.90 (0.38, 0.92) 0.6

* Least square mean (95% confidence interval) (g/em?).
® Age, gender, race, smoking, alcohol, physical activity (METs/month), self-reported health, menopause, serum 25-hydroxyvitamin D, total
ealeium intake, glucocorticoids, thiazide, hormone replacement therapy, statin, B -blocker use, CRP level, and comorbidity (congestive heart
failure, cerobral vascular accident, COFPD, and cancer).

TABLE 3. Femoral neck BMD for persons with different number of components of the metabolic syndrome®

No. of components

0
(n = 2472)

1
(n = 2262)

2
(n = 1690)

a
(n = 1113}

4
{n = 51T)

&
(n = 143) P value"

Unadjusted

0.85 (0.85, 0.86) 0.84 (0.83, 0.85) 0.84(0.83, 0.85) 0.84 (0.83, 0.85) 0.81(0.80, 0.83) 0.82 (0.79, 0.85) | <0.0001

Age and gender adjusted 0.80 (0.80, 0.81) 0.83 (0.83, 0.84) 0.86 (0.85, 0.87) 0.89 (0.88, 0.89) 0.89 (0.88, 0.90) 0.92 (0.90, 0.94) | <0.0001

Fully adjusted”

0.78 (0.77,0.78) 0.80(0.79, 0.51) 0.83 (0.82, 0.84) 0.86 (0.85, 0.87) 0.86 (0.85, 0.87) 0.90(0.88, 0.91) | =0.0001

= Lieast square mean (95% confidence interval) (gfem?).

# P value for trend.

© Age, gender, race, smoking, aleohol, physical activity (METs/month), self-reported health, menopause, serum 25-hydroxyvitamin D, total
caleium intake, glucocorticoids, thiazide, hormone replacement therapy, statin, g-blocker use, CRP level, and comorbidity (congestive heart
failure, cerebral vascular accident, COPD, and cancer).

Kinjo M, 2007
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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
Table 3 Mean (SE) bone
mineral density by metabolic Men Women
syndrome status
YES (n=98) NO (n=319) Pvalue YES@®=122) NO (n=549) P value
Mean (SE)  Mean (SE) Mean (SE) Mean (SE)
Total hip
Age adjusted 997 (014) 942 (.008)  0.001 822 (.012) 788 (.006)  0.01
) Age + BMI 936 (014) 960 (.007)  0.14 788 (.012) 798 (.005)  0.14
All covariates 937 (014) 960 (.007)  0.16 788 (.012) 797 (.005) 051
Femoral neck
Age adjusted 784 (013) 755 ({07)  0.05 673 (.010) 652 (.005)  0.06
Age + BMI T35 (013) 770 (00T)  0.025 644 (.011) 659 (.005) 021
All covariates 37 (013) T69 (.007) 0.038 H53 (.011) 658 (.005) 0.65
All covariates: age, BMI, alco- Lumbar spine
hol, exercise, smoking status, Age adjusted 1179 (.021)  1.092 (.012) <0001 973 (.017) 931 (.008)  0.030
calcium supplements, and Age + BMI 1104 (.022) 1.115 (.011) 0.67 H25(.018) 942 (.006) 0.42
current estrogen use at baseline All covariates 1104 {.022) 1.115 (.011) 0.67 239 (018) 943 (L008) 0.86

in women

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

D. von Muhlen, 2007

gismo.net
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ative association between metabolic syndrome and bone mineral density

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

Table 3 Vertebral BMD (g/cm”) of women with or without the

metabolic syndrome

Metabolic syndrome

Without With p value
(n=1,964) (n=511)
Unadjusted 0.925+0.004 0.858+0.007 0.000
Age, height, weight 0915+0.003  0895+0.007  0.009
adjusted
All covariates adjusted  0.914+0.003 0.898+0.007 0.031

WValues are expressed as least square mean=+5SE. p value is calculated
by analysis of covariance (ANCOWVA). All covariates: age, weight,
height, alcohol consumption, exercise, menopause

0.940
0,920
0.9
0.880

0.860

BMD (gem?)

0.540

0.820

0.800

P=0.004

0

2

3

4

5

Number of metabolic syndrome components

Fig. 1 Vertebral BMD (g/cm®) according to the number of the
components of metabolic syndrome. p value is calculated by analysis
of covanance (ANCOVA). Vertebral BMD levels are adjusted for age,
weight, and height

Hwang DH, 2010
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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

ENROLLENT FROM JUNE 01 2008 TO MAY 30 2018

13182 women followed by the general practitioners of the “COMEGEN" Medical

|
- T

Cooperative performing contextual assessment of

L

11089 women with hypertension
3702 women with hyperglycaemia and/or T2DM
7176 women with low HDL-cholesterol
7442 women with high triglycerides

B734 women with high WC

|

2048 women without osteoporosis
11134 women with osteoporosis

905 women with any MetS constitutive element
1834 women with one Mets constitutive elements
2624 women with two Met5 constitutive elements

T820 women with MetS

High BMD Low BMD
Metabolic Syndrome _i@ 1.19 (1.08-1.31)
Hypertension : —— 1.23 (1.08-1.40)

1
Hyperglycemia/T2DM = =fu : 0.84 (0.76-0.94)
1
Low HDL —:—l— 1.17 (0.91-1.50)
Hypertriglyceridemia —:—I— 1.12 (0.87-1.43)
|
High WC -I:— 0.94 (0.85-1.05)
!
0.5 1 15 2.0

ODDS RATIO (95% CONFIDENCE INTERVAL)

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 |I

(BASE-Il)

BMD Model 1

mALES ﬂ :

Spine -0.003 0.98
Hip -0.071 0.339
Femur -0.0007 0.929

Model 3
p p p
0.94 -0.025 0.86
0.378 0.91 0.256
0.953 -0.45 0.586

p = B-Coefficient. Model 1 was corrected for age, weight and height. Model 2 was additionally corrected for physical activity, smoking
pack-years and alcohol consumption. Model 3 was additionally corrected for GER, TSH, vitamin D3, CRP and folic acid serum levels.

BMD Model 1 Model 3

FEMALES B p p p p
Spine  0.293 0.021 0.0152 0.369 0.005
Hip 0.165 0.066 0.054 0.202 0.028
Femur 0.153 0.077 0.06 0.161 0.078

p = B-Coefficient. Model 1 was corrected for age, weight and height. Model 2 was additionally corrected for physical activity, smoking
pack-years and alcohol consumption. Model 3 was additionally corrected for GFR, TSH, vitamin D3, CRP and folic acid serum levels.

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

TABLE 2. Bone mineral density findings by sex and metabolic syndrome status

Metabolic syndrome

Men Women
Yes (n = 138) No (n = 357) P Yes (n = 307) No (n = 706) P
Lumbar spine ( )
Unadjusted 1.034 (0.014) 1.014 (0.008) 0.2 0.935 (0.008) 0.912 (0.005) 0.02
Age adjusted 1.033 (0.014) 1.014 (0.008) 0.3 0.942 (0.008) 0.909 (0.005) 0.001
— Age + BMI 1.018 (0.014) 1.020 (0.009) 0.9 0.925 (0.008) 0.917 (0.004) 0.5
Femoral neck
Unadjusted 0.829 (0.011) 0.808 (0.007) 0.1 0.740 (0.007) 0.715 (0.005) 0.002
Age adjusted 0.829 (0.011) 0.808 (0.007) 0.1 0.755 (0.007) 0.709 (0.004) <0.0001
= Age + BMI 0.805 (0.011) 0.817 (0.006) 0.3 0.732 (0.006) 0.719 (0.004) 0.1
Total hip
Unadjusted 0.992 (0.011) 0.971 (0.007) 0.1 0.871 (0.007) 0.838 (0.005) <0.0001
Age adjusted 0.992 (0.011) 0.970 (0.007) 0.1 0.886 (0.007) 0.831 (0.004) <0.0001
Age + BMI 0.969 (0.011) 0.979 (0.006) 0.4 0.859 (0.007) 0.843 (0.004) 0.047
—/

Data are presented as mean (SE).

BMI, body mass index.

Hernandez JL, 2010
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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

Table 2 Comparison of BMD between subjects with and without metabolic syndrome

Skeletal site Men Premenopausal women Postmenopausal women
MS® (+) MS® (-) p MS*® (+) MS® (-) P MS*® (+) MS® (-) P
LS BMD 09700002 0.989+0.004 <0.001 09770002 1.037+0.006 <10.001 08060005 08130004 0264
Adjustﬂdb 096720004  0.969+0.003 0.658 09800008  0.984+0.004 0.602 0.800£0.006 07880006  0.056
TH BMD 09780003  0.989+0.004 0.007 08930002  0.965+0.006 <10.001 07820004 077320004  0.078
Adjustﬂdb 0.962+0.004 09710003 0030 09030007 09040004 0973 0.762+0.005  0.759x0.005  0.428
FN BMD 0.834+0.003  0.813+0.004 <0.001 07610002  0.808x0.005 <10.001 0.635+0.004  0.620+0.003  0.001
Adjustﬂdb 0.801+0.004  0.814=0.003 <0.001 07640007  0.764x0.004  0.999 0.615=0.004  0.613x0.005 0.535

Data are presented as mean+SE of the population. P values were obtained by ANCOVA
BMD bone mineral density, LS lumbar spine, TH total hip, FN femur neck, MS metabolic syndrome

# Data are defined as American Heart Association/National Heart, Lun g, and Blood Institute Scientific Statement (AHA/NHLBI) criteria, in which
the criteria for abdominal obesity were specified in an Asian population

b Adjusted by age, BML smoking, alcohol use, and regular exercise

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

Kim YH, 2013
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Relationship between metabolic syndrome and bone fracture

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

Population- based, 6-year follow-up of 27,159 subjects from the municipality of Tromsg, followed from 1994 until 2001.

RBR of Fractures

Age range was 25-98 years.

1,2
= _‘L}T% 10
4 iy

Mean BP g:;
2.0

1.8

I RPN 1 S 14
—— 1.2
=T g
1l 1 038

& ) ) 0,6

cis=00s 0,4

0.2

0

1.8

Triglycerides o) 16
Oip=024 1.4

14
1,3
1.2 18
16
1,1 _ 14
1,0 1.2
- 1,0
0,9 08
0.8 @ 06
[ 0,4
0.7 § 02
0’6 LH::_:-H—"‘-H |.I.: 0
05 RN Y
’ " e 16
0,4 - T 14
1,2
0,3 1.0
- 0
0,2 & p=0,004) D:g
0,1 O {1, 0001 04
0 T T T 1 D,g ;
0 1 2 3 4 1
Burden of metabolic syndrome features
& Men
0 Women
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A pen
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aMen (BMI=283) &Men (HDL=1,04)
wMen (BME:28,3)  ¥Men (HDL=1,04)

» 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

Ahmed LA, 2006
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Association between metabolic syndrome and bone fractures: a meta-analysis of
observational studies

Prevalence of Fractures

First Author (Publication Year)

Mitsuyo Kinjo (2007)

Toru Yamaguchi (2009)

Jose L. Hemandez (2010)

Kyong-Chol Kim (2010)

Pawel Szulc (2010)

Guasch Ferre (2011)

Overall (l-squared = 0.0%, p = 0.786)

NOTE: Weights are from fix effects analysis

0dds Ratio (95% C)

0.98 (0.80, 1.19)

0.80 (050, 1.30)

0.94 (0.82, 1.09)

0.92 (057, 1.50)

0.84 (051, 1.39)

0.52(0.21,1.27)

0.93(0.84, 1.03)

Weight (%)

28.63

4.94

56.72

4.82

4.49

1.39

100.00

Incidence of Fractures

First Author (Publication Year)

Luai A. Ahmed (2005)

Muhlen D (2007)

Pawel Szulc (2010)

Overall (I-squared = 85.7%, p =0.001)

NOTE: Weights are from random effects analysis

<>

Relative Risk (95% Cl)

0.79(0.67,0.92)

260 (1.20, 5.40)

033 (0.15,0.76)

0.88(0.37, 2.12)

Weight (%)

30.36

30.87

2.7

100.00

T
2

Odds Ratio (95% Cl)

T
05

1
Relative Risk (95% Cl)

Sun K, 2014

20
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Relationship between metabolic syndrome and bone fracture

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

Women

Men

Metabolic Syndrome
Model 1

Model 2

Model 3

Mo. of MS components
Model 1

Model 2

Model 3

All Fractures (371)

Hazard ratio (95%CI)
0.85 (0.69-1.04)
0.91 (0.72-1.14)
0.91 (0.73-1.15)

0.94 (0.87—1.02)
0.97 (0.89—1.05)
0.97 (0.89-1.06)

Non-Vertebral Fractures (307)

Metabolic Syndrome
Model 1

Model 2

Model 3

No. of MS components
Model 1

Model 2

Model 3

Hazard ratio (85%CI)
0.90(0.72-1.13)
0.94 (0.73-121)
0.94 (0.73-1.21)

0.96 (0.89-1.05)
0.98 (0.89-1.08)
0.98 (0.89-1.08)

Vertebral Fractures (123)

Metabolic Syndrome
Model 1

Model 2

Model 3

No. of MS components
Model 1

Model 2

Model 3

Hazard ratio (95%CI)
0.68 (0.47-0.98)
0.80 (0.53-1.19)
0.83 (0.56-1.24)

0.84 (0.73-0.96)
0.86 (0.76-1.03)
0.90 (0.77-1.05)

P-value
0.12
0.40

011
0.44
0.47

P-value
0.36
0.63
0.61

0.38
0.70
0.66

P-value
0.039
0.27
0.36

0.01
01
0.18

Metabolic Syndrome
Model 1

Model 2

Model 3

Mo. of MS components
Model 1

Model 2

Model 3

All Fractures (147)

Hazard ratio (95%Cl)
0.85 (0.60-1.20)
0.74 (0.69-1.08)
0.68 (0.46-1.006)

0.92 (0.81-1.06)
0.86 (0.74-1.001)
0.82 (0.70-0.9964)

Non-Vertebral Fractures (102)

Metabolic Syndrome
Model 1

Model 2

Model 3

No. of MS components
Model 1

Model 2

Model 3

Metabolic Syndrome
Model 1

Model 2

Model 3

No. of MS components
Model 1

Model 2

Model 3

Hazard ratio (95%Cl)
0.89 (0.59-1.35)
0.69 (0.55-1.88)
0.64 (0.40-1.03)

0.94 (0.79-1.10)
0.83 (0.68-1.01)
0.75 (0.66-0.96)

Vertebral Fractures (62)

Hazard ratio (95%Cl)
0.65 (0.37-1.13)
0.67 (0.49-1.25)
0.60 (0.32-1.14)

0.84 (0.6-1.03)
0.85 (0.75-1.07)
0.81 (0.64-1.03)

P-value
0.36

0.24
0.055
0.015

P-value
0.59
012
0.068

0.42
0.047
0.017

P-value
0.13
0.20
012

0.10
017
0.09

“ )", number of fractures

Model 1: Adjusted for age

Model 2: Model 1 +Height and Weight
Model 3: Model 2 + smoking status, physical activity, alcohol intake, fallings in the last 12 months, use of diuretics drugs, use of hormone replacement
therapy, use of cotticosteroids drugs, use of drugs for bone and other musculoskeletal diseases and Dutch Healthy Diet Index.

Muka T, 2015
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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
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Effects of Metabolic syndrome treatment on bone: weight reduction

Figure 3. Effect of Severe vs Moderate Energy Restriction on Body Composition in Postmenopausal Women

With Obesity

Original Investigation | Nutrition, Obesity, and Exercise
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Effects of Metabolic syndrome treatment on bone: weight reduction
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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

After bariatric surgery Before bariatric surgery Mean Difference Mean Difference

Study or Subgrou Mean _ SD__ Total _Mean SD__ Total Weight IV, Random. 95% CI 1V, Random, 95% CI
1.6.1total hody

2008 Mahdy T. 122 005 0 126 003 70 154%  -0.04 [0.05,-0.03] o

2009 Carrasco 119 063 42 123 083 42 23% -004}020021] ———————————T
Subtotal (95% C1) 112 112 17.6% -0.04[-0.05,-0.03] +

Heterogeneity. Tau®= 0.00; Chi*= 0.00, df=1 (P = 1.00); F= 0%
Test for overall effect: Z = 9.98 (P < 0.00001)

1.6.2 femoral neck

2011 Vilarrasa N. 0.95 on 59 11 011 59 135% -015F0.19,-0.11] e
2012 Casagrande DS 094 016 22 103 015 22 87% -0.08[0.18,0.00) —1
Subtotal (95% CI) 81 81 222% -0.13[-0.19,-0.08]

Heterogeneity. Tau*= 0.00; Chi*=1.39, df=1 (P = 0.24); = 28%
Testfor overall effect: Z= 5.17 (P < 0.00001)

1.6.3 lumbar spine

2004 Goode LR, 122 01 13 1.1 0.1 13 100% 0.01 [-0.07, 0.08] —r
2008 Carrasco F. 138 014 42 1.49 o011 42 122% -0.11[0.16,-0.06] .

2011 Vilarrasa N. 104 014 59 11 012 59 128% -0.06[0.11,-0.01] -

2012 Casagrande DS. 1.04 0.09 I 113 o1 22 116% -0.09}0.15,-0.03 e

Subtotal (95% Cl) 136 136 46.6% -0.07[-0.11,-0.02] -

Heterogeneity: Tau*= 0.00; Chi*= 6.88, df= 3 (P = 0.08); = §6%
Testfor overall effect Z=3.02 (P = 0.003)

1.6.4 pelis.
2009 CarrascoF. 114 009 42 128 009 42 136% -0141018,-0.10) =
Subtotal (95% Cl) 2 42 136% -0.14[.0.18,-0.10] >
Heterogeneity: Not applicable

Testfor overall effect Z=7.13 (P < 0.00001)

Total (95% CI) 37

Heterogeneity. Tau®= 0.00; Chi*= 61.36, df= 8 (P < 0.00001); F= 87%
Test for overall effect: Z= 4.06 (P < 0.0001)

Test for subgroup differences: Ch*= 37.63, df= 3 (P < 0.00001), F=92.0%

371 100.0% -0.08[-0.13,-0.04)

Liu C, 2015

. 02
riatric surgery better

bariatric surgery worse

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

Risk Ratio Risk Ratio
Douglas |J 2015 0.23 024 39% 1.26[0.79 2.01] =
Lalmohamed A 2012 012 02 56%  0.89 060, 1.31] S
Lu CW 2015 019 008 278%  1.21[1.01, 1.44] -
Rousseau C 2016 0.32 006 625% 1.38[1.22 1.55] ]
Total (95% CI) 100.0%  1.20 [1.18, 1.42] +
Heteragenaity: Chi* = 5.22, df = 3 (P = 0.16); I = 43% 0 - 0’ . = 5 1’° Zhang Q, 2019
Test for overall effect: Z = 5.38 (P = 0.00001) 7 : 5'urg P

» Deficiency of nutrients, such as protein, folate, vitamin B6, B12 and trace elements may have detrimental
effects on bone.
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Effects of Bisphosphonate Treatment on Circulating Lipid and
Glucose Levels in Patients with Metabolic Bone Disorders
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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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