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Metabolic syndrome
From Wikipedia, the free encyclopedia

Jump to: navigation, search
Dysmetabolic syndrome X

ICD-10
ICD-9277.7

OMIM605552DiseasesDB31955
Metabolic syndrome is a combination of medical
disorders that affect a large number of people in a 
clustered fashion. 
In some studies, the prevalence in the USA is calculated
as being up to 25% of the population, the end result of 
which is to increase one's risk for cardiovascular disease
and diabetes.
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Quanto si è parlato della 
sindrome metabolica?
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Sindrome Metabolica: un concetto che Sindrome Metabolica: un concetto che 
ha piha piùù di 80 annidi 80 anni………………....

1920: Kylin descrive un quadro che comprende ipertensione, 
iperglicemia e gotta

1947: J. Vague osserva come l’obesità “androide” si 
accompagni  alle alterazioni metaboliche che si associano al 
diabete e alle malattie cardiovascolari  

1966: Camus “trisindrome metabolica”
1988: Reaven introduce il concetto di “Sindrome X”

(l’associazione di insulino-resistenza, iperinsulinemia, stati 
prediabetici o DM2 conclamato, dislipidemia,  
ipertensione, obesità centrale, iperuricemia)

1988-1998: altri sinonimi (BIG 4, Deadly Quartet, 
Plurimetabolic Syndrome ecc.)

1998: WHO decide di utilizzare il termine di “Sindrome 
metabolica”



Definizione
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Sindrome Metabolica

Due eventi hanno focalizzato l’attenzione della comunità
medica sulla sindrome metabolica:

1. L’inclusione della sindrome nelle linee guida NCEP-ATP 
III (2001)

2. La creazione di un codice diagnostico ICD 9 (277.7) che 
permette un rimborso per il trattamento della sindrome



Metabolic syndrome is characterised by:
•Hyperinsulinaemia
•Low glucose tolerance
•Dyslipidaemia
•Hypertension
•Obesity



This cluster of factors has been recognised for many years, but
the syndrome was not formally labelled until Reaven did so 
in 1988 and suggested that insulin resistance was its
central characteristic. 



It is becoming increasingly clear that a 
proinflammatory state is a common feature of the 
syndrome and of atheromatous disease.
A recent randomised controlled trial showed that insulin 
resistance and measurements of C reactive protein were 
significantly lower at two year follow-up in patients with 
metabolic syndrome who had been allocated to a 
Mediterranean diet than in those who continued their normal 
diets.



Although large intervention studies have shown that 
intensive modification of lifestyle delays the onset 
of diabetes in patients with impaired glucose 
tolerance, no similar trials have aimed at reducing 
all the cardiovascular disease risk factors among 
people with metabolic syndrome.



People meeting three of the following criteria qualify as having the 
metabolic syndrome:
raised blood pressure ( > 130/85 mm Hg),
a low serum concentration of HDL cholesterol ( < 1.04 mmol/l in men 
and < 1.29 mmol/l in women),
a high serum triglyceride concentration ( > 1.69 mmol/l),
a high fasting plasma glucose concentration ( > 6.1 mmol/l), and 
abdominal obesity (waist circumference > 102 cm in
men and > 88 cm in women).
A new definition, proposed recently by the International Diabetes 
Federation, has central obesity as an essential criterion, with a
range of cut-offs for waist circumference for people from 
different ethnic groups.



COSA DOVREBBE ESSERE LA SINDROME METABOLICACOSA DOVREBBE ESSERE LA SINDROME METABOLICA

Aumentata mortalità totale 

Rischio e mortalità CV 
superiore alla somma dei fattori 
di rischio

Rischio elevato di sviluppo di 
diabete tipo 2 (se non 
presente)

Un semplice e precoce strumento predittivo per il clinico



Definitions for metabolic syndrome



Definitions for metabolic syndrome
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Classification of Metabolic Syndrome

Insulin resistance

Waist circumference male
Waist circumference female

Blood pressure

Blood glucose

Plasma triglycerides

HDL cholesterol male
HDL cholesterol female

Albuminuria

ATP III

none

≥ 102 cm
≥ 88 cm

≥ 130/85 mmHg

≥ 110 mg/dl

≥ 150 mg/dl

< 40 mg/dl
< 50 mg/dl

NA

IDF

none

≥ 94 cm
≥ 80 cm

≥ 130/85 mmHg

≥ 100 mg/dl

≥ 150 mg/dl

< 40 mg/dl
< 50 mg/dl

NA

WHO

yes

≥ 98 cm
≥ 85 cm

≥ 140/90 mmHg

≥ 110 mg/dl

≥ 150 mg/dl

< 35 mg/dl
< 39 mg/dl

> 20 μg/min



Prevalenza



Prevalenza della sindrome metabolica  a 
seconda della definizione di base della sindrome

ATP III WHO Accordo

Totale 23.9 25.1 86.2
Uomini 24.2 27.9 86.1
Donne 23.5 22.6 86.3

Bianchi 25.1 27.6 86.4
Afro-A 16.5 24.9 78.0
Messicani-A 32.0 38.1 84.2

Popolazione Third National Health and Nutrition Examination Survey
1988-2004: età > 20 anni

Ford and Giles , Diabetes Care 2003





OBESITA’ VISCERALE
• Misurazione della circonferenza vita
• BMI
• Rapporto vita/fianchi

(Un rapporto vita/fianchi >0.9nell’uomo o >0.85 nella donna è
fortemente correlato all’obesità addominale e all’insulino-resistenza).

• Alcuni suggeriscono oggi il diametro 
anteroposteriore (sagittale) quale miglior 
indicatore clinico del grasso viscerale

• STRUMENTALE: RM, DEXA



Prevalenza della sindrome metabolica 
secondo il NCEP nello studio NHANES III

Ford ES et al. JAMA 2002;287:356-359.
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Prevalence of the Metabolic Syndrome in 
PAMELA

AllAllAll MalesMalesMales FemalesFemalesFemales

25-34 ys2525--34 34 ysys 35-44 ys3535--44 44 ysys 55-64 ys5555--64 64 ysys45-54 ys4545--54 54 ysys 65-74 ys6565--74 74 ysys

15.915.9 17.417.4 14.314.3

26.626.622.122.116.916.9
8.58.5

5.35.3

%%

Mancia G et al., 2005



Rate of WHO defined MS in eight 
European countries for non-diabetic man 

aged 40-55

Men 40-55 ys Sample
(nr.)

Prevalence (%)

Goodlinge, UK 210 7
Barilla, Italy 230 12
MORGEN, Netherlands 270 19
D.E.S.I.R., France 1033 21
VIVA, Spain 459 21
Malmoe, Sweden 679 27
Ely, UK 234 36
Overall 3250 20

Balkau B, Eur Heart J 2005



Highest prevalence in older 
persons
Prevalence increases with age
Frequency rises rapidly in middle 
age
Frequency parallels with some 
lagtime the development obesity 
in the population

MS prevalence

1/3 of overweight – obese subject manifest MS in USA



Prevalence Prevalence of of Various Components Various Components of the of the Metabolic Metabolic 
Syndrome Syndrome in the PAMELA in the PAMELA PopulationPopulation
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Prevalence of each metabolic syndrome 
component in the NHANES III population
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Sindrome Metabolica e 
Mortalità



MortalitMortalitàà cardiovascolare e totale nella SMcardiovascolare e totale nella SM
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Sindrome Metabolica e Mortalità Cardiovascolare
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Metabolic Syndrome and risk of 
CHD

MS accounts for up to 
1/3 of CVD in men, 
and 1/2 of new 
T2DM over 8 years 
of follow-up

Wilson D et al , Circulation 2005



RELATIVE RISK OF FUTURE CARDIOVASCULAR EVENTS 
ACCORDING TO CRP LEVELS AND TO THE PRESENCE OR ABSENCE 

OF METABOLIC SYNDROME (MS) IN HEALTHY WOMEN

ALL CARDIOVASCULAR EVENTS CORONARY 
EVENTS

LDL LDL
TOTAL 

COHORT
<160 

mg/dL
>160 

mg/dL
TOTAL 

COHORT
(n=14719) (n=12453) (n=8500) (n=14719)

CRP<3 mg/L no MS 1.0 1.0 1.0 1.0

CRP>3 mg/L no MS 1.5 
(1.0-2.2)

1.3
(0.8-2.2)

1.2
(0.6-2.3)

1.6
(0.9-2.7) 

CRP<3 mg/L + MS 2.3 
(1.6-3.3)

2.2
(1.4-3.5)

2.5
(1.4-4.4)

3.1
(2.0-4.9) 

CRP>3 mg/L + MS 4.0
(3.0-5.4)

4.4
(3.1-6.3)

4.4
(2.8-7.1)

5.5
(3.8-8.0) 

Ridker et al., Circulation 2004
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La Sindrome Metabolica: 
esiste ancora?





ATP







JACC Vol. 47, March 21, 2006:



Progression and outcomes of the metabolic syndrome. 

JACC Vol. 47, March 21, 2006:



JACC Vol. 47, March 21, 2006:



JACC Vol. 47, March 21, 2006:

Interrelations 
and overlap of 
metabolic
syndrome with
insulin
resistance, 
prediabetes, and 
type 2 diabetes. 
According to the 
insulin
resistance
hypothesis, the 
metabolic
syndrome is
caused
predominantly by
insulin resistance.
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CHF



Terapia



Trattamento della Sindrome Trattamento della Sindrome 
metabolica?metabolica?

• La riduzione dell’apporto calorico e 
l’incremento dell’esercizio fisico sono 
essenziali per il trattamento di tutte le 
componenti della sindrome metabolica
• La presenza di più fattori di rischio rende 
necessario un trattamento più aggressivo di 
ciascuno di essi
• La scelta della terapia farmacologica per 
ciascun fattore di rischio richiede attenta 
considerazione agli effetti sui fattori di 
rischio associati



Modificazioni
dello stile di vita 

(riduzione del
peso e aumento dell’

esercizio fisico)

Come possiamo intervenire?

Ottimo effetto su 
tolleranza glicidica e TG

Discreto effetto sulla PA 

Modesto effetto su LDL (-15%)

Global Guideline for type 2 Diabetes. International Diabetes Federation 2005



To prevent the slippery slope of the 
MS towards diabetes and CHD ...

Modest weight loss 5-7%

Modest increase in 
physical activity

150 
min/week

Absolute risk reduction of 
diabetes of 14,5% over 3 years

JAMC 2004; 170 (9): 1390



Prevention of Type 2 Diabetes Mellitus by 
changes in lifestyle among subjects with impaired 

glucose tolerance

Tuomilehto et al., N Engl J Med 2001;344:1343

RCT, 523 patients with IGT,BMI>25 kg/m2;follow-up 3.2 years
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Diabetes Prevention ProgramDiabetes Prevention Program
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Diabetes Care 2003



Leisure Time 
Physical Activity



Percentage resolution of metabolic syndrome
according to therapeutic strategies

Giugliano et al. Am J Clin Nutr 2008



Mean changes in body weight at the 2-year follow-up in 115 
women consuming a Mediterranean-style diet

Giugliano et al. Am J Clin Nutr 2008





Giugliano et al. 
JAMA 2004

90 subjects
following a 
Mediterranean diet
vs. 90 following a 
prudent diet







Studies includedStudies included

Overall mortality

9 studies

514,816 subjects
33,576 deaths

Cardiovascular 
incidence 

and/or mortality

4 studies

404,491 subjects
3,876 cases

Cancer 
incidence 

and/or mortality

6 studies

521,366 subjects
10,929 cases

Incidence of 
Parkinson and 

Alzheimer’s 
diseases

3 studies

133,626 subjects
783 cases

1,574,299 subjects
49,164 cases

Sofi et al., BMJ 20 September 2008



Study RR  (95% CI)Weight (%)

Trichopoulou et al. 1995 

Kouris-Blazos et al. 1999

Lasheras et al. 2000

Trichopoulou et al. 2003

Knoops et al. 2004

Trichopoulou et al. 2005

Mitrou et al. 2007 (males)

Mitrou et al. 2007 (females)

0.1 0.2 1 2

15.71

12.61

16.46

0.92 (0.91–0.94)

0.93 (0.91–0.95)

Total (95% CI) 100 0.91 (0.89-0.94)

Increased risk 

Lagiou et al. 2006 0.93 (0.83–1.04)

8.22 0.93 (0.89–0.97)

11.19 0.88 (0.82–0.94)

16.81 0.75 (0.64–0.87)

2.81 0.48 (0.22–1.02)

6.22 0.79 (0.50–1.25)

9.68 0.69 (0.48–0.99)

Decreased risk 

Adherence to MD and overall mortalityAdherence to MD and overall mortality

0.5

-9%

Sofi et al., BMJ 20 September 2008



Study RR  (95% CI)Weight (%)

Trichopoulou et al. 2003

Knoops et al. 2004

Lagiou et al. 2006

Mitrou et al. 2007 (males)

Mitrou et al. 2007 (females)

0.1 0.2 1 2

34.11

3.78

17.88

0.96 (0.92–1.00)

0.88 (0.81–0.96)

Total (95% CI) 100 0.91 (0.90-0.96)

Increased risk 

Fung et al. 2006 0.94 (0.91–0.97)

12.21 0.91 (0.82–1.01)

27.73 0.89 (0.77–1.03)

4.29 0.95 (0.90–1.00)

Decreased risk 

Adherence to MD and cardiovascular incidence Adherence to MD and cardiovascular incidence 
and/or mortalityand/or mortality

0.5

-9%

Sofi et al., BMJ 20 September 2008



Study RR  (95% CI)Weight (%)

Trichopoulou et al. 2003

Knoops et al. 2004

Lagiou et al. 2006

Mitrou et al. 2007 (males)

Mitrou et al. 2007 (females)

0.1 0.2 1 2

34.11

3.78

17.88

0.96 (0.92–1.00)

0.88 (0.81–0.96)

Total (95% CI) 100 0.94 (0.92-0.96)

Increased risk 

Fung et al. 2006 0.94 (0.91–0.97)

12.21 0.91 (0.82–1.01)

27.73 0.89 (0.77–1.03)

4.29 0.95 (0.90–1.00)

Decreased risk 

Adherence to MD and cancer incidence and/or Adherence to MD and cancer incidence and/or 
mortalitymortality

0.5

-6%

Sofi et al., BMJ 20 September 2008



Study RR  (95% CI)Weight (%)

Scarmeas et al. 2006

Gao et al. 2007 (males)

Gao et al. 2007 (females)

0.1 0.2 1 2

7.80 0.85 (0.72–1.00)

Total (95% CI) 100 0.87 (0.80-0.96)

Increased risk 

82.32 0.83 (0.70–0.89)

Decreased risk 

Adherence to MD and incidence of Parkinson Adherence to MD and incidence of Parkinson 
and Alzheimerand Alzheimer’’s diseasess diseases

0.5

9.88 0.93 (0.80–1.08)

-13%

Sofi et al., BMJ 20 September 2008



0 0.5 1 2 3
OR (95% CI)

Multivariate logistic regression analysis 
on Metabolic Syndrome (n=54)*

0.3 (0.1-0.9)
p < 0.001Highest tertile of 

legume consumption

Highest tertile
of fresh meat
consumption

2.1 (1.05-4.5)
p < 0.001

Reference group

*Adjusted for age, sex, total energy and traditional
cardiovascular risk factors

Lowest tertile of 
legume consumption

Reference groupLowest tertile of 
fresh meat
consumption

Metabolic SyndromeNon-Metabolic SyndromeBased on NCEPIII guidelines

Sofi et al, Eur J Clin Nutr 2005; Nutr Metab Cardiovasc Dis 2006



Trattamento della Sindrome 
metabolica?

• La riduzione dell’apporto calorico e 
l’incremento dell’esercizio fisico sono 
essenziali per il trattamento di tutte le 
componenti della sindrome metabolica
• La presenza di più fattori di rischio 
rende necessario un trattamento più
aggressivo di ciascuno di essi
• La scelta della terapia farmacologica per 
ciascun fattore di rischio richiede attenta 
considerazione agli effetti sui fattori di 
rischio associati



Intervento 
farmacologico

Come possiamo intervenire?
Ottimo effetto su LDLOttimo effetto su LDL

Discreto effetto sulla PA Discreto effetto sulla PA 

Modesto effetto sulla Modesto effetto sulla 
tolleranza tolleranza glicidicaglicidica

Global Guidline for type 2 Diabetes. International Diabetes Federation 2005



Trattamento della Sindrome 
metabolica?

• La riduzione dell’apporto calorico e 
l’incremento dell’esercizio fisico sono 
essenziali per il trattamento di tutte le 
componenti della sindrome metabolica
• La presenza di più fattori di rischio rende 
necessario un trattamento più aggressivo di 
ciascuno di essi
• La scelta della terapia farmacologica 
per ciascun fattore di rischio richiede 
attenta considerazione agli effetti sui 
fattori di rischio associati



LosartanLosartan and and diabetesdiabetes

9193 9193 patientspatients withwith hypertensionhypertension and LVH; and LVH; 
losartanlosartan vs. vs. atenololatenolol, , doubledouble--blindblind..
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ALPINE ALPINE StudyStudy
RCT, PS; RCT, PS; hydrochlorothiazidehydrochlorothiazide vs. vs. candesartancandesartan, , 
DB, 1yr. 386 DB, 1yr. 386 hypertensivehypertensive patientspatients. . 
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Lindholm et al., J Hypertens 21:1563, 2003



ALPINE ALPINE StudyStudy



Change in lipid parameters in nondiabetic CHD 
patients with and without the metabolic syndrome

after treatment with simvastatin in the 4S

Pyorala K et AL., Diabetes Care 2004



Statine nella sindrome metabolica: dati dal 4S

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

Mortalita’ globale

Mortalita’ coronarica

Eventi coronarici maggiori

Rivascolarizzazioni

Stroke

Tutti gli eventi aterosclerotici

Con SM

Senza SM

A favore della simvastatina Contro la  simvastatina

Pyorala, Diabetes Care 2004



La SM deve essere vista uno strumento semplice per 
individuare facilmente e precocemente pazienti su cui 
intervenire aggressivamente con interventi farmacologici 
e non

E’ certamente un buon predittore di sviluppo di diabete di 
tipo 2 e malattia CV
L’intervento sul peso e sull’attività fisica ha ottimi effetti  
soprattutto sulla tolleranza glicidica
L’intervento sul colesterolo LDL, il più precoce da attuare, 
è attualmente il più agevole ed efficace grazie alla 
presenza di statine sicure e sperimentate
Le associazioni di statine con altri farmaci CV è sicura e 
vantaggiosa



Sacco, Diabetes, Obesity and Metabolism, 2002





Preventing Chronic Diseases – A vital investiment. WHO global report 2006

MainMain causescauses of of deathdeath worldwideworldwide at at allall agesages
((yearyear: 2005): 2005)

17.5 milion



Preventing Chronic Diseases – A vital investiment. WHO global report 2006

WorlwideWorlwide deathsdeaths byby causescauses ((yearyear: 2005): 2005)



Preventing Chronic Diseases – A vital investiment. WHO global report 2006



2000 2010 2020

Preventing Chronic Diseases – A vital investiment. WHO global report 2006



Clin Med Card Fi

2000 2010 2020

Preventing Chronic Diseases – A vital investiment. WHO global report 2006



ObesityObesity



Preventing Chronic Diseases – A vital investiment. WHO global report 2006

PrevalencePrevalence of of overweightoverweight (BMI>25 kg/m(BMI>25 kg/m22) ) 
((yearyear: 2005): 2005)



PrevalencePrevalence of of overweightoverweight (BMI>25 kg/m(BMI>25 kg/m22) ) 
((yearyear: 2015): 2015)

Preventing Chronic Diseases – A vital investiment. WHO global report 2006



Obesity Trends* Among U.S. Adults
BRFSS, 1990

(*BMI ≥30, or ~ 30 lbs overweight for 5’ 4” person)

No Data           <10%          10%–14%



Obesity Trends* Among U.S. Adults
BRFSS, 1994

(*BMI ≥30, or ~ 30 lbs overweight for 5’ 4” person)

No Data           <10%          10%–14% 15%–19% 



Obesity Trends* Among U.S. Adults
BRFSS, 1998

(*BMI ≥30, or ~ 30 lbs overweight for 5’ 4” person)

No Data          <10%           10%–14% 15%–19%          ≥20%



(*BMI ≥30, or ~ 30 lbs overweight for 5’ 4” person)

Obesity Trends* Among U.S. Adults
BRFSS, 2002

No Data          <10%           10%–14% 15%–19%           20%–24%        ≥25%



Obesity Trends* Among U.S. Adults
BRFSS, 2005

(*BMI ≥30, or ~ 30 lbs overweight for 5’ 4” person)

No Data          <10%           10%–14% 15%–19%           20%–24%          25%–29%           ≥30%
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Dalla parte del paziente
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PREVENTION
• Exercise regularly throughout your life.
• Encourage children to have daily physical activity and 
make healthful food choices.
• Eat a healthful, balanced diet low in saturated fats and high 
in nutrient-rich fruits and vegetables.
• Do not smoke.
• Recognize that you may have a genetic (inherited) 
predisposition for diabetes, heart disease, and the metabolic
syndrome.
• Have regular medical check-ups and
initiate early treatment for high blood
pressure.
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TREATING THE METABOLIC SYNDROME
Lifestyle modifications include weight loss, regular Lifestyle modifications include weight loss, regular 
exercise, stopping smoking, and reducing dietary fat exercise, stopping smoking, and reducing dietary fat 
intakeintake.
Losing just 10% of excess body weight lowers blood
pressure and improves insulin resistance. Some persons 
may be able to treat high blood pressure and 
hyperglycemia by altering their lifestyle alone. In many 
individuals, lifestyle modification is not adequate, and 
medications must be used to decrease blood pressure,
lower triglycerides, and increase the level of HDL.
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TREATING THE METABOLIC SYNDROME
Because these problems are often linked, treating one 
aspect of the metabolic syndrome may help the other 
issues. For example, regular exerciseregular exercise can help you 
lose weight, reduce blood pressure, and manage 
hyperglycemia and insulin resistance.
Combining healthful eating with a regular exercise 
program is the cornerstone of treating the metabolic 
syndrome and reducing risk for heart disease, stroke, 
diabetes, and other medical problems







Conclusions 
Clinically useful weight loss and fat loss can be  
achieved in adults who are motivated to follow 
commercial diets for a substantial period. Given the 
limited resources for weight management in the 
NHS, healthcare practitioners should discuss with 
their patients programmes known to be
effective. BMJ, 23 May 2006
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Weight loss during the BBC diet trials
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