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Summary
Metabolic syndrome consists of a cluster of factors such as abdominal obesity, insulin
resistance, dyslipidemia and hypertension. In addition, factors such as impaired fibrinolysis, inflammatory status, high levels of uric acid and a fatty liver are not uncommon.
Metabolic syndrome increases the risk of cardiovascular disease, type 2 diabetes,
dementia, Alzheimer’s disease and some common forms of cancer. An increase in the
prevalence of metabolic syndrome is evident in the general population, primarily owing to
a lack of physical activity in combination with a high energy intake, a poor diet, stress and
psychosocial factors.
A high level of physical activity and fitness reduce the risk of metabolic syndrome
while physical activity affects all integral components. In order to prevent and treat metabolic syndrome, it is recommended that sedentary time is reduced and moderately strenuous physical activity carried out daily for a minimum of 30, but preferably 60 minutes.
Further positive effects are achieved by exercising moderately and regularly 2–3 times a
week for a minimum of 30 minutes. Aerobic fitness training may well be combined with
adapted strength training.
Individuals with metabolic syndrome are often at risk of developing secondary conditions and it is consequently important that individual risk analyses are performed and,
if required, examinations and recommendations for physical activities are adapted to the
individual in question. Equally important is the follow-up of the physical activity recommendations.

Definition
Prevalence/Incidence
Many international reports show an alarmingly high prevalence of metabolic syndrome
among men, women and children. The prevalence of metabolic syndrome varies depending

448

physical activity in the prevention and treatment of disease

on the definition used (1). According to a European Study (DECODE) of 6,156 men and
5,356 women without diabetes and between the ages of 30–89 from Finland, Sweden,
Poland, the Netherlands, the United Kingdom and Italy, the age-standardised prevalence
was 16 per cent among men and 14 per cent among women (2). The study also showed that
the prevalence increases with age. American studies show a high prevalence among both
men and women (3–5).
Today, metabolic syndrome is also common in populations with a traditionally low rate
of cardiovascular diseases and mortality. In Greece, the overall prevalence of metabolic
syndrome among healthy, middle-aged men (n = 1,128) and women (n = 1,154) was 20 per
cent (6). The prevalence of metabolic syndrome was higher among the men (25%) than the
women (15%) and increased with age. The prevalence of metabolic syndrome is considerably higher in high-risk populations. Approximately 53 per cent (7) of obese patients
in Italy were found to suffer from metabolic syndrome compared with 45 per cent (8) of
patients in the Netherlands with cardiovascular disease. Among 3,770 English women
aged 60–79, just under 30 per cent were found to suffer from metabolic syndrome (9). The
result of a Swedish population-based study of 4,232 individuals (aged 60, 78% participation rate) showed that 26 per cent of the men and 19 per cent of the women had metabolic
syndrome according to NCEP/ATP III criteria (10, 11). Extremely alarming are reports on
the high prevalence of metabolic syndrome among children and young people (12).

Risk factors for metabolic syndrome
Metabolic syndrome is the result of complex interactions between environment and genes.
A change in lifestyle with less physical activity, unhealthy food and drinking habits and
an imbalance between energy intake and energy expenditure in addition to chronic stress
and psychosocial factors are some fundamentally important reasons for the increase in
metabolic syndrome (13–19).
Despite the difficulties in measuring physical activity and the variety of methods used,
a large number of international and national reports agree that the majority of adults and
children are physically inactive today. Only about 20 per cent of the population is sufficiently physically active (13).
A majority of more recent studies indicate a strong link between the level of physical
activity or fitness and the prevalence of metabolic syndrome. A Swedish study of men and
women aged 60 showed a strong dose-response relationship between reported physical
activity in leisure time and metabolic syndrome (11). Individuals exercising moderately
at least twice a week for a minimum of 30 minutes had a 70 per cent lower risk of developing metabolic syndrome compared with individuals reporting low levels of leisure time
physical activity (less than 2 hours light physical activity per week). The relationship was
not affected by factors such as gender, education, civil status, smoking or intake of fruit,
vegetables and alcohol (see Figure 1).
Similar findings were made in other cross-sectional studies and prospective studies
where an inactive lifestyle and/or poor fitness were closely linked to the existence of metabolic syndrome (20–25).
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Many national and international reports indicate an increase in overweight and obesity
among both children and adults (26–28). The waist circumference of children and adults
has increased comparatively more than their weight. Today, nearly half of Sweden’s adult
population is overweight (BMI ≥ 25) and approximately 10 per cent suffers from obesity
(BMI ≥ 30). The prevalence has doubled since the 1980s (29). Abdominal obesity is
closely linked to metabolic syndrome (30).

The pathogenesis of metabolic syndrome
The pathogenesis of metabolic syndrome is complex with interactions between genetic and
lifestyle factors (19, 20, 31). Overweight and abdominal obesity are principal and recurrent clinical characteristics which, together with insulin resistance in skeletal muscles,
adipose tissue and liver, play a central role in the development of metabolic syndrome.
A typical dyslipidemia with high levels of triglycerides, low HDL and high ApoB plus
small, dense, oxidation prone and very atherogenic LDL particles is a common and important subcomponent of metabolic syndrome. Post-prandial (following food intake) hyperlipidemia and high levels of serum-free fatty acids have also been found. Hypertension is
another recurrent condition. Other subcomponents include a reduced fibrinolytic capacity,
inflammatory activity, high levels of uric acid, a reduced endothelial function and fatty
liver (29, 30). See Fact Box 1.

Most common symptoms – what are the consequences of metabolic
syndrome?
Metabolic syndrome is often a symptom-free condition detected in connection with a
health check or other contact with the healthcare services. The various subcomponents of
metabolic syndrome are common in an adult population (11), but are often symptom-free.
High blood pressure, obesity, incipient diabetes or a silent coronary artery disease may
naturally result in symptoms such as excessive fatigue or exertion-induced discomfort or
chest pains. Abdominal obesity may lead to snoring, insomnia, daily fatigue and a lower
quality of life (31, 32).
Metabolic syndrome increases the risk of major public illnesses, type 2 diabetes,
dementia, Alzheimer’s disease plus other more common forms of cancer. Many crosssectional studies and prospective studies indicate that individuals with metabolic syndrome
have an elevated risk of cardiovascular disease (1, 2, 34–37). This elevated risk applies
to all cardiovascular diseases (1, 2) plus cognitive function, dementia and mortality in
general (36–38). It also applies to both men and women (39).
The risk of developing type 2 diabetes is considerably higher for individuals with metabolic syndrome while diabetics with metabolic syndrome have a worse prognosis than
those without (34, 35).
A number of epidemiological studies over the past few years have also linked metabolic
syndrome to prostate cancer (40) and other more common forms of cancer such as colon
cancer and breast cancer (41–44). Hyperinsulinemia may be one mechanistic link (45).
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Diagnostics
Metabolic syndrome has many definitions. However, all definitions include abdominal obesity/overweight, insulin resistance and disturbed glucose/insulin homeostasis,
typical dyslipidemia and hypertension. The four most commonly used definitions are
those proposed by WHO (46), the European Group for the Study of Insulin Resistance
(EGIR) (47), the National Cholesterol Education Program (NCEP/ATP III) (10) and the
International Diabetes Federation (IDF) (48). More recently, a separate definition relating
to children was also proposed (12). The definition proposed by American NCEP/ATP II is
most commonly used and appropriate for clinical practice (see the Fact Box below).
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Figure 1. A dose-response relationship between the level of physical activity during leisure time and the
occurrence of metabolic syndrome in 60-year-old Swedish men and women.
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Criteria for clinical diagnosis of metabolic syndrome, NCEP/ATP III:
Any of five constitute diagnosis of metabolic syndrome
• Waist circumference > 102 cm for men and > 88 cm for women.
• S-triglycerides ≥ 1.7 mmol/l (or drug treatment)
• HDL cholesterol < 1.03 mmol/l for men and < 1.3 for women (or drug treatment)
• Blood pressure ≥ 130/ 85 mm Hg (or drug treatment)
• Fasting glucose ≥ 5.6 mmol/l (or drug treatment)

Treatment
Prevention and treatment of metabolic syndrome is based on changing lifestyle (1, 19,
49–53). Increased physical activity is the cornerstone in the treatment of metabolic
syndrome. The treatment should always be individualised and focus on weight loss
and reduced abdominal obesity through increased physical activity and improved food
patterns. Recommendations on the consumption of food and alcohol follow general dietary
guidelines, but have to be adapted to the individual (53). Advice on nicotine replacement
therapy and stress management may also be relevant.
Pharmacological treatment of different subcomponents is also a possibility (51, 52) as
lifestyle modifications will not counteract the effects of any treatment. However, today’s
advanced and professional prevention and treatments are always based on changing lifestyle.
Treatment is aimed at lessening the risk of future diseases through the reduction of
various risk factors.

Effects of physical activity
Close association between physical activity and metabolic syndrome
A growing number of epidemiological studies indicate that there is a strong dose-response
relationship between the level of physical activity or fitness and metabolic syndrome (see
“Most common symptoms”) (25). For example, the prevalence of the metabolic syndrome
is 70 per cent lower in 60-year-old men and women who exercise with a moderate intensity at least twice a week, even when taking into account other relevant factors such as
food and alcohol intake, education and smoking (11).

Physical activity reduces the health risk associated with metabolic syndrome
Overweight or abdominally obese men and women who exercise regularly are at much
lower risk of cardiovascular disease than those who are inactive (55–57). In an American
study, more than 21,000 men aged 30–83 were monitored during an average period of
eight years for the purpose of studying cardiovascular diseases and mortality. A fit but
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overweight or abdominally obese man was at a lower risk than an unfit man of normal
weight (54). When monitoring 88,000 healthy middle-aged women for a period of 20
years as part of the so-called Nurses Health Study, it became evident that physical activity
could reduce the risk of coronary disease associated with abdominal obesity (55).
A systematic review of the literature and 10 prospective studies regarding the relationship between physical activity and the risk of type 2 diabetes showed that regular daily
physical activity of a moderate intensity for a minimum of 30 minutes would considerably
reduce the risk of coronary heart disease (56). A Finnish study monitored 2,017 healthy
men and 2,352 healthy women aged 45–64 for an average period of 9.4 years. The risk of
type 2 diabetes was reduced by 60–70 per cent among subjects reporting a high level of
physical activity compared with subjects reporting a low level of physical activity. These
findings apply equally to overweight people and people of a normal weight (57). A followup of 1,263 American men with type 2 diabetes showed that the mortality was 50 per cent
lower among those reporting to be physically active during a prospective 15-year study
(58). Similar findings were made in a study of 3,708 Finnish men and women with type
2 diabetes over a period of 19 years. A moderate or high level of physical activity was
associated with a significantly improved prognosis regardless of weight, blood pressure,
smoking or blood lipids (59). Moderate physical activity during work, leisure time or as
a means of transportation is generally associated with an improved prognosis for type 2
diabetics (60).
A large number of case-control studies and prospective studies have likewise shown a
link between the level of physical activity and the cancer forms associated with metabolic
syndrome, e.g. prostate cancer, colon cancer and breast cancer (61–63).

Multiple effects of physical activity on metabolic disorders
The effects of physical activity on the metabolic disorders included in metabolic syndrome
are evident from a number of clinical studies and have also been summarised in several
review articles (19, 64–70). There are many mechanisms behind the preventive effects
of physical activity and they are not yet fully known, but include a positive effect on the
lipoprotein metabolism. Physical activity increases the blood flow in muscles and adipose
tissue and increases lipoprotein lipase activity, reduces triglycerides and increases HDL
levels. The particle size and susceptibility to oxidation of LDL particles are also positively affected by increased physical activity. The antihypertensive effects of physical
activity are well documented. Peripheral insulin sensitivity and glucose tolerance are
improved (66, 67). Physical activity reduces abdominal obesity and bodyweight (68,
69). Thrombogenesis and haemostasis are also positively affected (70). The IGFBP-1,
endothelial function and inflammatory markers have also been shown to be affected (19,
68). Because of the multiple effects, increased physical activity is a beneficial way in
which to prevent and treat metabolic syndrome.
There are currently no randomised primary prevention studies of the effects of
increased physical activity among individuals with metabolic syndrome regarding future
incidence or mortality from cardiovascular disease or cancer.
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However, randomised primary preventive intervention studies on overweight men
and women with reduced glucose tolerance and metabolic syndrome have shown that a
combined dietary intervention and increased physical activity regimen can substantially
(58%) reduce the risk of developing type 2 diabetes (71–74). The independent effects of
increased physical activity are still partially unknown even though a Chinese four-armed
study (diet, exercise, diet and exercise or control) indicated that the recommendations
given on food intake and exercise were equally effective, each resulting in a risk reduction
of 40 per cent (72). Post hoc analyses of the Finnish Diabetes Prevention study indicate
that there is also a strong link between the reduction of risk and increased physical activity
when taking into account other relevant factors such as eating habits (74). According to
the Norwegian ODES Study, increased physical activity in combination with a change in
diet may considerably reduce the prevalence of metabolic syndrome as compared with a
control group during a 12-month follow-up period (65).
Newly developed molecular biology techniques and molecular genetics based on
animal and human research models have over the past few years provided us with a greater
understanding of the cellular mechanisms of metabolic syndrome as well as the molecular
biology and molecular genetics behind the positive effects of physical activity.

Indications
Increased physical activity is of extensive importance to both primary and secondary
prevention of metabolic syndrome. Today, different components (overweight, abdominal
obesity, insulin resistance, high blood pressure, lipid disorder, etc.) in addition to metabolic syndrome are so common among the general public that prevention aimed at the individual is no longer enough. Population-based measures undertaken to increase physical
activity among children and adults are also needed to reduce the risk of chronic diseases
and premature deaths in the future.

Prescription
Reduce sedentary time
Many prospective studies have shown that the number of hours spent in front of the TV is
related to the future risk of obesity and diabetes in both men and women (75, 76). There
is also a link between the number of hours spent in front of the TV or the computer and
the prevalence of metabolic syndrome among men, women and children (77, 78). A doseresponse relationship is reported between sedentary time and mortality from all causes
and cardiovascular disease (79, 80). Energy expenditure when walking (4.8 km/hour)
is approximately 400 per cent more than when resting, e.g. lying in the sofa or sitting
on a chair (20 kilojoule/minute compared with 5 kilojoule/minute) (81). In view of this,
limiting inactivity is just as important as promoting physical activity.
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Advice on physical activity for the prevention and treatment
of metabolic syndrome
Individuals with metabolic syndrome should be encouraged to engage in daily physical
activity of moderate intensity for a minimum of 30 minutes or 60 minutes if overweight,
e.g. a brisk walk (82, 83). Additional health benefits are obtained if, in addition to daily
physical activity of 30–60 minutes, some form of exercise is performed 2–3 times a week.
The activities recommended for the prevention or treatment of metabolic syndrome
incorporate some form of aerobic fitness training such as walking, Nordic walking, jogging,
swimming, cycling, etc. These activities can also be combined with a certain amount of
strength training. Muscle mass decreases with age as a result of inactivity. Studies have
shown that the lack of muscle strength affects the development of metabolic syndrome
while strength training can have an effect on insulin sensitivity, for example (84).
Exercise should be done regularly for a minimum duration of 30 minutes. The recommended daily amount of physical activity can be accumulated through several separate
episodes (for example 10 plus 10 plus 10 minutes) throughout the day (85). The exercise
should be of a moderate intensity, approximately 60–70 per cent of maximum capacity, i.e.
to the point when you begin to perspire and quicken your breathing. The same recommendations are essentially given for the prevention and treatment of cardiovascular diseases,
type 2 diabetes and obesity or for maintaining generally good health (82).
The fact that a small amount of physical activity is better than no physical activity at
all is common sense and was recently verified by a randomised controlled study of overweight and inactive postmenopausal women (82). The effect of various doses of exercise
on general fitness was tested and a clear dose-response relationship was found. As little
as 50 per cent of the recommended dose (according to the general guidelines) had a clear
beneficial effect on aerobic fitness.

Constructive advice on exercise
A good knowledge of physical activity and health and recent recommendations and guidelines is not always enough. The approach taken by the caregiver as to the importance of
lifestyle and lifestyle intervention in connection with metabolic syndrome is essential and
requires pedagogical skills in addition to good scientific knowledge. All caregivers, i.e.
staff categories, should be offered the opportunity of learning about the effects of physical
activity and how to recommend exercise/give advice on physical activities so that all such
recommendations and advice are given in unison. This would reinforce the credibility of
the recommendations and advice given.
Giving advice on physical activity requires perceptiveness and a patient-centred approach.
The patient is often embarrassed about his or her lifestyle, inactive life and obesity, etc. and it
is therefore important not to add to this feeling of guilt. The general advice given on physical
activity must always be adapted to the individual and transformed into concrete recommendations on exercise. It is important to form a picture of the patient’s life circumstances and
motivation to change. The information given must be neutral and not convey the caregiver’s
own opinion of physical activity. The patient should be informed about what type of physical
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activity is suitable and the intensity, frequency and duration recommended in order to achieve
the optimal effect. In addition, the concept of 50–70 per cent of maximum capacity should be
explained to the patient, i.e. all forms of activities of an easy to moderate intensity up to the
point when you begin to perspire and your breathing quickens.
The patient should also be given advice on suitable local activities and physical activity
on prescription (FaR®) for the purpose of individual training or, if appropriate, modified
exercise. Exercise referrals or physical activity on prescription (FaR ®) has been in practice for decades in Sweden and New Zealand, for example (87, 88). According to national
studies, approximately one third of the healthcare centres in Sweden follow this practice
(89). Patients and the general public can also obtain information on physical activity and
health in booklets available for purchase from dispensing pharmacies, for example. The
use of a pedometer is a simple way in which to stimulate increased physical activity and
monitor the effects of the prescriptions issued. When carrying a pedometer for a couple
of weeks, the patient becomes aware of the degree of activity performed in different situations. A joint discussion on the subject of reasonable targets or sub-targets can also be
advantageous.

Follow up on the advice given and give feedback
It is important that the advice on physical activity is followed up to ensure compliance
and accomplishment. The time that such a follow-up is to take place must be chosen on an
individual basis, although six weeks is generally considered an appropriate interval. By
then, most people will have had time to make certain changes as verified by their pedometer or diary with positive effects on their waist circumference or metabolic variables. The
waist circumference, which can easily be measured in clinical practice and by the patient,
is strongly linked to the prevalence of metabolic syndrome in general and to several of the
metabolic variables encompassed by metabolic syndrome (90–93). Prospective studies
have also shown that waist circumference is linked to the future risk of coronary heart
disease, intima-media thickness of the carotid arteries and death (94–98). Elevated blood
pressure, lipids, blood glucose, etc. should also be monitored.

Risks and the need for health checks
Excess exertion can increase the risk of a stroke, myocardial infarction or sudden death
in high-risk individuals. Such events are dramatic, but unusual. Much more common are
injuries due to overloading or overtraining such as tendon inflammation and large joint
disorders.
There are generally very few contraindications of increased physical activity. However,
some men and women with metabolic syndrome are considered to be high-risk individuals
because of the presence of multiple risk factors. Consequently, all advice or recommendations relating to exercise must be preceded by an appropriate assessment and individual
risk analysis. An emergency examination and treatment should always be performed
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in case of untreated, very high blood pressure or blood glucose levels as well as acute
symptoms from the heart and circulation (e.g. TIA, unstable angina, peripheral circulation
disorders).
However, professionally recommended physical activity in connection with metabolic
syndrome rarely constitutes a risk. Following a standard analysis of cardiovascular symptoms and a family history in addition to a thorough physical examination of the heart and
arteries, measurement of height, weight, waist circumference and blood pressure plus the
taking of samples for an evaluation of the metabolic condition, it is important to determine whether further analysis such as an exercise test or ultrasonography is required. The
patient is informed about warning signals and how to recognize them, as well as the importance of starting slowly and gradually increasing the amount and intensity of any activity.
In this way, many types of injuries due to overloading can be prevented and avoided. The
benefits of a good pair of shock absorbing shoes cannot be stressed enough, especially for
an overweight person.

Interactions with drug therapy
There are a large number of pharmacological agents available for individuals with metabolic syndrome and information about interactions can be obtained from other sources.
With the exception of insulin treatment and other pharmacological treatments of diabetes
where there is a risk of hypoglycaemia, the risk of any adverse interaction, as a result
of increased physical activity on the recommendation of a competent professional, is
relatively atypical. Successful changes in lifestyle and increased physical activity may
however necessitate a dose reduction. Hence, a regular follow-up is particularly important
when lifestyle changes are combined with pharmacological treatment.

Contraindications
There are very few contraindications of physical activity in connection with metabolic
syndrome, but they must be taken into consideration (also refer to “Risks”). Absolute
contraindications include acute symptoms from the heart and circulation or a pending
cardiovascular event (e.g. TIA, stroke, unstable angina, heart attack, acute peripheral
circulation disorders), acute bleeding, hypoglycaemia or hyperglycaemia, significantly
elevated blood pressure, infection accompanied by fever and poor health in general. As
regards relative contraindications such as elevated cardiovascular risk, please refer to the
section on “Risks”. Healthcare personnel who give advice on physical activity should
always carry out a risk analysis even though the personal responsibility of the patient
should not be overlooked. Physical activity and exercise is a natural part of our existence
that brings enjoyment and contributes to an enhanced quality of life.

34. metabolic syndrome

457

References
1.
2.

3.
4.

5.

6.

7.

8

9.

10.

11.

12.

13.
14.

Galassi A, Reynolds K, He J. Metabolic syndrome and risk of cardiovascular disease.
A meta-analysis. American Journal of Medicine 2006;119:812-9.
Hu G, Qiao Q, Tuomilehto J, Balkau B, Borch-Johnsen K, Pyorala K, et al. Prevalence
of the metabolic syndrome and its relation to all-cause and cardiovascular mortality
in non-diabetic European men and women. Archives of Internal Medicine 2004;164:
1066-76.
Ford ES. Prevalence of the metabolic syndrome in US populations. Endocrinology
& Metabolism Clinics of North America 2004;33:333-50.
McKeown NM, Meigs JB, Liu S, Saltzman E, Wilson PW, Jacques PF. Carbohydrate
nutrition, insulin resistance and the prevalence of the metabolic syndrome in the
Framingham Offspring Cohort. Diabetes Care 2004;27:538-46.
Ridker PM, Buring JE, Cook NR, Rifai N. C-reactive protein, the metabolic syndrome and risk of incident cardiovascular events. An 8-year follow-up of 14,719 initially healthy American women. Circulation 2003;107:391-7.
Panagiotakos DB, Pitsavos C, Chrysohoou C, Skoumas J, Tousoulis D, Toutouza M,
et al. Impact of lifestyle habits on the prevalence of the metabolic syndrome among
Greek adults from the ATTICA study. American Heart Journal 2004;147:106-12.
Marchesini G, Melchionda N, Apolone G, Cuzzolaro M, Mannucci E, Corica F, et al.
The metabolic syndrome in treatment-seeking obese persons. Metabolism: Clinical
& Experimental 2004;53:435-40.
Gorter PM, Olijhoek JK, van der Graaf Y, Algra A, Rabelink TJ, Visseren FL, et
al. Prevalence of the metabolic syndrome in patients with coronary heart disease,
cerebrovascular disease, peripheral arterial disease or abdominal aortic aneurysm.
Atherosclerosis 2004;173:363-9.
Lawlor DA, Ebrahim S, Davey Smith G. The metabolic syndrome and coronary heart
disease in older women. Findings from the British Women’s Heart and Health Study.
Diabetic Medicine 2004;21:906-13.
Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, et
al. Diagnosis and management of the metabolic syndrome. An American Heart
Association/National Heart, Lung and Blood Institute Scientific Statement.
Circulation 2005;112:2735-52.
Halldin M, Rosell M, De Faire U, Hellenius ML. The metabolic syndrom. Prevalence
and association to leisure-time and work-related physical activity in 60-year-old men
and women. Nutr Metabol Cardiovasc Dis 2007;17:349-57.
Zimmet P, Alberti G, Kaufman F, Tajima N, Silink M, Arslanian S, et al. International
Diabetes Federation Task Force on Epidemiology and Prevention of Diabetes.
The metabolic syndrome in children and adolescents. Lancet 2007;369:2059-61.
Swedish National Board of Health and Welfare. Folkhälsorapport 2005 [Public Health
Report 2005]. Stockholm: Swedish National Board of Health and Welfare; 2005.
Becker W. Vi äter nyttigare men har blivit tyngre [We eat better but have become
heavier]. Vår föda [Our food] 1999;2:3-7.

458

physical activity in the prevention and treatment of disease

15. Bjorntorp P. Do stress reactions cause abdominal obesity and comorbidities? Obesity
Reviews 2001;2:73-86.
16. Hellenius ML. Metabola syndromet [Metabolic syndrome]. Betydelsen av fysisk
aktivitet [Effects of physical activity]. Scand J Nutr 2002;46:91-3.
17. Muldoon MF, Mackey RH, Williams KV, Korytkowski MT, Flory JD, Manuck
SB. Low central nervous system serotonergic responsivity is associated with the
metabolic syndrome and physical inactivity. Journal of Clinical Endocrinology &
Metabolism 2004;89:266-71.
18. Zimmet P, Shaw J, Alberti KG. Preventing Type 2 diabetes and the dysmetabolic
syndrome in the real world. A realistic view. Diabetic Medicine 2003;20:693-702.
19. Lakka T, Laaksonen DE. Physical activity in the prevention and treatment of the metabolic syndrome. Appl Physiol Nutr Metab 2007;32:76-88.
20. Lakka TA, Laaksonen DE, Lakka HM, Mannikko N, Niskanen LK, Rauramaa R, et
al. Sedentary lifestyle, poor cardiorespiratory fitness and the metabolic syndrome.
Med Sci Sports Exerc 2003;35:1279-86.
21. Finley CE, LaMonte MJ, Waslien CI, Barlow CE, Blair SN, Nichaman MZ.
Cardiorespiratory fitness, macronutrient intake and the metabolic syndrome. The
Aerobics Center Longitudinal Study. Journal of the American Dietetic Association
2006;106:673-9.
22. Ekelund U, Brage S, Franks PW, Hennings S, Emms S, Wareham NJ. Physical
activity energy expenditure predicts progression toward the metabolic syndrome
independently of aerobic fitness in middle-aged healthy Caucasians. The Medical
Research Council Ely Study. Diabetes Care 2005;28:1195-200.
23. Ekelund U, Franks P, Sharp S, Brage S, Nicholas J, Wareham NJ. Increase in physical activity energy expenditure is associated with reduced metabolic risk independent
of changes in fatness and fitness. Diabetes Care 2007;in press.
24. Laaksonen DE, Lakka HM, Salonen JT, Niskanen LK, Rauramaa R, Lakka TA. Low
levels of leisure-time physical activity and cardiorespiratory fitness predict development of the metabolic syndrome. Diabetes Care 2002;25:1612-8.
25. Physical Activity Guidelines Advisory Committee. Physical Activity Guidelines
Advisory Committee Report, 2008. Part G. Washington, DC:U.S. Department of
Health and Human Services, 2008.
26. Rosengren A, Eriksson H, Larsson B, Svärdsudd K, Tibblin G, Welin L, et al. Secular
changes in cardiovascular risk factors over 30 years in Swedish men aged 50. The
study of men born in 1913, 1923, 1933 and 1943. J Intern Med 2000;247:111-8.
27. Berg C, Rosengren A, Aires N, Lappas G, Toren K, Thelle D, et al. Trends in overweight and obesity from 1985 to 2002 in Goteborg, West Sweden. International
Journal of Obesity 2005;29:916-24.
28. McCarthy HD, Jarrett KV, Emmett PM, Rogers I. Trends in waist circumferences
in young British children. A comparative study. International Journal of Obesity
2005;29:157-62.
29. SCB, http://www.scb.se/templates/tableOrChart____48681.asp. 2006.

34. metabolic syndrome

459

30. Despres JP, Lemieux I. Abdominal obesity and metabolic syndrome. Nature 2006;444:
881-7.
31. Eckel RH, Grundy SM, Zimmet PZ. The metabolic symdrome. Lancet 2005;365:141528.
32. Coughlin SR, Mawdsley L, Mugarza JA, et al. Obstructive sleep apnoea is independently associated with an increased prevalence of metabolic syndrome. European
Heart Journal 2004;25:735-41.
33. Leineweber C, Kecklund G, Akerstedt T, et al. Snoring and the metabolic syndrome
in women. Sleep Medicine 2003;4:531-6.
34. Isomaa B, Almgren P, Tuomi T, Forsen B, Lahti K, Nissen M, et al. Cardiovascular morbidity and mortality associated with the metabolic syndrome. Diabetes Care 2001;24:
683-9.
35. Eschwege E. The dysmetabolic syndrome, insulin resistance and increased cardiovascular (CV) morbidity and mortality in Type 2 diabetes. Aetiological factors in the
development of CV complications. Diabetes & Metabolism 2003;29:6S19-27.
36. Nakanishi N, Takatorige T, Fukuda H, Shirai K, Li W, Okamoto M, et al. Components
of the metabolic syndrome as predictors of cardiovascular disease and Type 2 diabetes in middle-aged Japanese men. Diabetes Research & Clinical Practice 2004;64:5970.
37. Ford ES. The metabolic syndrome and mortality from cardiovascular disease and
all-causes. Findings from the National Health and Nutrition Examination Survey II
Mortality Study. Atherosclerosis 2004;173:309-14.
38. Kalmijn S, Foley D, White L, Burchfiel CM, Curb JD, Petrovitch H, et al. Metabolic
cardiovascular syndrome and risk of dementia in Japanese-American elderly men.
The Honolulu-Asia aging study. Arteriosclerosis, Thrombosis & Vascular Biology
2000;20:2255-60.
39. Komulainen P, Lakka TA, Kivipelto M, Hassinen M, Helkala EL, Haapala I, et al.
Metabolic syndrome and cognitive function. A population-based follow-up study in
elderly women. Dementia & Geriatric Cognitive Disorders 2007;23:29-34.
40. Steinbaum SR. The metabolic symdrome. An emerging health epidemic in women.
Progress in Cardiovascular Diseases 2004;46:321-36.
41. Barnard RJ, Aronson WJ, Tymchuk CN, Ngo TH. Prostate cancer. Another aspect of
the insulin-resistance syndrome? Obesity Reviews 2002;3:303-8.
42. Hammarsten J, Hogstedt B. Clinical, haemodynamic, anthropometric, metabolic and
insulin profile of men with high-stage and high-grade clinical prostate cancer. Blood
Pressure 2004;13:47-55.
43. Colangelo LA, Gapstur SM, Gann PH, Dyer AR, Liu K. Colorectal cancer mortality and factors related to the insulin resistance syndrome. Cancer Epidemiology,
Biomarkers & Prevention 2002;11:385-91.
44. Furberg AS, Veierod MB, Wilsgaard T, Bernstein L, Thune I. Serum high-density lipoprotein cholesterol, metabolic profile and breast cancer risk. Journal of the
National Cancer Institute 2004;96:1152-60.

460

physical activity in the prevention and treatment of disease

45. Sinagra D, Amato C, Scarpilta AM, Brigandi M, Amato M, Saura G, et al. Metabolic
syndrome and breast cancer risk. European Review for Medical & Pharmacological
Sciences 2002;6:55-9.
46. Boyd DB. Insulin and cancer. Integrative Cancer Therapies 2003;2:315-29.
47. Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabetes mellitus
and its complications. Part 1. Diagnosis and classification of diabetes mellitus provisional report of a WHO consultation. Diabetic Medicine 1998;15:539-53.
48. Balkau B, Charles MA. Comment on the provisional report from the WHO consultation. European Group for the Study of Insulin Resistance (EGIR). Diabetic Medicine
1999;16:442-3.
49. Alberti KG, Zimmet P, Shaw J, Group, IDFETFC. The metabolic symdrome. A new
worldwide definition. Lancet 2005;366:1059-62.
50. Swedish Medical Products Agency. Förebyggande av aterosklerotisk hjärtsjukdom [Prevention of atherosclerotic heart disease]. Behandlingsrekommendationer
[Treatment recommendations]. Volume 15. Uppsala: Swedish Medical Products
Agency; 2006.
51. Laaksonen DE, Niskanen L, Lakka H-M, Lakka TA, Uusitupa M. Epidemiology and
treatment of the metabolic syndrome. Ann Med 2004;36:332-46.
52. Tuomilehto J. Cardiovascular risk. Prevention and treatment of the metabolic syndrome. Diab Res Clin Pract 2005;68:S28-35.
53. Eyre H, Kahn R, Robertson RM, ACS/ADA/AHA Collaborative Weiting Committee.
Preventing cancer, cardiovascular disease and diabetes. A common agenda for the
American Cancer Society, the American Diabetes Asscociation and the American
Heart Association. Circulation 2004;109:3244-55.
54. Nordic Council of Ministers, Nordic Nutrition Recommendations 2004. Integrating
nutrition and physical activity. 4. edn. Vol 13. Copenhagen: Nord; 2004.
55. Lee CD, Blair SN, Jackson AS. Cardiorespiratory fitness, body composition and allcause and cardiovascular disease mortality in men. Am J Clin Nutr 1999;69:373-80.
56. Li TY, Rana JS, Manson JE, Willett WC, Stampfer MJ, Colditz GA, et al. Obesity
as compared with physical activity in predicting risk of coronary heart disease in
women. Circulation 2006;113:499-506.
57. Ekblom-Bak E, Hellenius ML, Ekblom O, Engström LM, Ekblom B. Fitness and
abdominal obesity are independently associated with cardiovascular risk. J Intern
Med 2009; DOI: 10.1111/j.1365-2796.2009.02131.x.
58. Jeon CY, Lokken RP, Hu FB, van Dam RM. Physical activity of moderate intensity
and risk of type 2 diabetes. A systematic review. Diabetes Care 2007;30:744-52.
59. Hu G, Lindstrom J, Valle TT, Eriksson JG, Jousilahti P, Silventoinen K, et al.
Physical activity, body mass index and risk of type 2 diabetes in patients with normal
or impaired glucose regulation. Arch Intern Med 2004;164:892-6.
60. Wei M, Gibbons LW, Kampert JB, Nichaman MZ, Blair SN. Low cardiorespiratory
fitness and physical inactivity as predictors of mortality in men with type 2 diabetes.
Ann Intern Med 2000;132:605-11.

34. metabolic syndrome

461

61. Hu G, Jousilahti P, Barengo NC, Qiao Q, Lakka TA, Tuomilehto J. Physical activity, cardiovascular risk factors and mortality among Finnish adults with diabetes.
Diabetes Care 2005;28:799-805.
62. Hu G, Eriksson J, Barengo NC, Lakka TA, Valle TT, Nissinen A, et al. Occupational,
commuting and leisure-time physical activity in relation to total and cardiovascular
mortality among Finnish subjects with type 2 diabetes. Circulation 2004;110:666-73.
63. Lagerros YT, Hsieh SF, Hsieh CC. Physical activity in adolescence and young adulthood and breast cancer risk. A quantitative review. European Journal of Cancer
Prevention 2004;13:5-12.
64. Slattery ML. Physical activity and colorectal cancer. Sports Medicine 2004;34:23952.
65. Hu G, Tuomilehto J, Silventoinen K, Barengo NC, Peltonen M, Jousilahti P. The
effect of physical activity and body mass index on cardiovascular, cancer and all-cause
mortality among 47 212 middle-aged Finnish men and women. Int J Obes 2005;29:
894-902.
66. Carroll S, Dudfield M. What is the relationship between exercise and metabolic
abnormalities? A review of the metabolic syndrome. Sports Med 2004;34:371-418.
67. Anderssen SA, Carroll S, Urdal P, Holme I. Combined diet and exercise intervention
reverses the metabolic syndrome in middle-aged males. Results from the Oslo Diet
and Exercise Study. Scand J Med Sci Sports 2007 ;17:687-95.
68. Hellenius ML, Brismar KE, Berglund BH, de Faire U. Effects on glucose tolerance,
insulin secretion, insulin-like growth factor 1 and its binding protein, IGFBP-1, in a
randomized controlled diet and exercise study in healthy, middle-aged men. J Intern
Med 1995;238:121-30.
69. Anderssen SA, Hjermann I, Urdal P, Torjesen PA, Holme I. Improved carbohydrate
metabolism after physical training and dietary intervention in individuals with the
“atherothrombogenic syndrome”. Oslo Diet and Exercise Study (ODES). A randomized trial. J Intern Med 1996;Oct;240:203-9.
70. Hellénius ML, de Faire U, Berglund B, Hamsten A, Krakau I. Diet and exercise are
equally effective in reducing risk for cardiovascular disease. Results of a randomized
controlled study in men with slightly to moderately raised cardiovascular risk factors.
Atherosclerosis 1993;103:81-91.
71. Irwin ML, Yasui Y, Ulrich CM, Bowen D, Rudolph RE, Schwartz RS, et al. Effect
of exercise on total and intra-abdominal body fat in postmenopausal women. A randomized controlled trial. JAMA 2003;289:323-30.
72. Väisänen B, Hellenius ML, Penttilä I, Rauramaa R. Physical activity and hemostasis.
Klinisk Kjemi i Norden 2002;4:8-11 (Biological Chemistry in Scandinavia).
73. Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM, Walker EA,
et al. Reduction in the incidence of type 2 diabetes with lifestyle intervention or metformin. N Engl J Med 2002;346:393-403.
74. Pan XR, Li GW, Hu YH, Wang JX, Yang WY, An ZX, et al. Effects of diet and exercise in preventing NIDDM in people with impaired glucose tolerance. The Da Qing
IGT and Diabetes Study. Diabetes Care 1997;20:537-44.

462

physical activity in the prevention and treatment of disease

75. Tuomilehto J, Lindstrom J, Eriksson JG, Valle TT, Hämäläinen H, Ilanne-Parikka P,
et al. Prevention of type 2 diabetes mellitus by changes in lifestyle among subjects
with impaired glucose tolerance. N Engl J Med 2001;344:1343-50.
76. Laaksonen DE, Lindstrom J, Lakka TA, Eriksson JG, Niskanen L, Wikstrom K, et al.
Physical activity in the prevention of Type 2 diabetes. The Finnish diabetes prevention study. Diabetes 2005;54:158-65.
77. Hu FB, Leitzmann MF, Stampfer MJ, Colditz GA, Willett WC, Rimm EB. Physical
activity and television watching in relation to risk for Type 2 diabetes mellitus in
men. Archives of Internal Medicine 2001;161:1542-8.
78. Hu FB, Li TY, Colditz GA, Willett WC, Manson JE. Television watching and other
sedentary behaviors in relation to risk of obesity and Type 2 diabetes mellitus in
women. JAMA 2003;289:1785-91.
79. Ford ES, Kohl HW, 3rd, Mokdad AH, Ajani UA. Sedentary behavior, physical activity and the metabolic syndrome among U.S. adults. Obesity Research 2005;13:60814.
80. Ekelund U, Brage S, Froberg K, Harro M, Anderssen SA, Sardinha LB, et al. TV
viewing and physical activity are independently associated with metabolic risk in
children. The European Youth Heart Study. PLoS Med 2006 Dec;3:e488.
81. Katzmarzyk PT, Church T S, Craig C L, Bouchard C. Sitting time and mortality from
all causes, cardiovascular disease and cancer. Med Sci Sports Exerc 2009;41:9981005.
82. Levine JA, Schleusner SJ, Jensen MD. Energy expenditure of nonexercise activity.
Am J Clin Nutr 2000;72:1451-4.
83. Saris WH, Blair SN, van Baak MA, Eaton SB, Davies PS, Di Pietro L, et al. How
much physical activity is enough to prevent unhealthy weight gain? Outcome of the
IASO 1st Stock Conference and consensus statement. Obes Rev 2003;4:101-14.
84. Jurca R, Lamonte MJ, Barlow CE, Kampert JB, Church TS, Blair SN. Association
of muscular strength with incidence of metabolic syndrome in men. Medicine &
Science in Sports & Exercise 2005;37:1849-55.
85. Murphy MH, Blair SN, Murtagh EM. Accumulated versus continuous exercise for
health benefit. A review of empirical studies. Sports Med 2009;39:29-43.
86. Church TS, Earnest CP, Skinner JS, Blair SN. Effects of different doses of physical
activity on cardiorespiratory fitness among sedentary, overweight or obese postmenopausal women with elevated blood pressure. A randomized controlled trial. JAMA
2007;297:2081-91.
87. Hellenius ML, Arborelius E. Prescribed exercise can help patients change their habits. Läkartidningen [Swedish Medical Journal] 1999;96:3343-6.
88. Kallings L, Leijon M. Erfarenheter av Fysisk Aktivitet på Recept, FaR. [Experiences
of Prescribed Physical Activity, FaR.] Report 2003;53. Stockholm: Swedish National
Institute of Public Health; 2003.
89. Kallings LV, Leijon M, Hellénius ML, Ståhle A. Physical activity on prescription in
primary health care. A follow-up of physical activity level and quality of life. Scand J
Med Sci Sports 2007; 2008;18:154-61.

34. metabolic syndrome

463

90. Kallings LV, Leijon ME, Kowalski J, Hellénius ML, Ståhle A. Self-reported
adherence: A method for evaluating prescribed physical activity in primary health
care patients. J Phys Act Health 2009;6:483-92.
91. Kallings LV, Sierra Johnson J, Fisher RM, Faire U, Ståhle A, Hemmingsson E,
Hellénius ML. Beneficial effects of individualized physical activity on prescription
on body composition and cardiometabolic risk factors: results from a randomized
controlled trial. Eur J Cardiovasc Prev Rehabil 2009;16:80-4.
92. Swedish Council on Technology Assessment in Health Care (SBU). Metoder för att
främja fysisk aktivitet. [Methods of promoting physical activity.] En systematisk
litteraturöversikt [A systematic literature survey]. English Summary. Swedish
Council on Technology Assessment in Health Care Stockholm; 2007.
93. Henriksson J. FYSS for all. En bok om att röra på sig för att må bättre samt att förebygga och behandla sjukdomar. [A book about exercising to feel better and prevent and
treat diseases.] Stockholm: Yrkesföreningar för fysisk aktivitet; 2004 [Professional
organisations for physical activity].
94. Janssen I, Katzmarzyk PT, Ross R. Waist circumference and not body mass index
explains obesity-related health risk. American Journal of Clinical Nutrition 2004;
79:379-84.
95. Kahn HS, Valdez R. Metabolic risks identified by the combination of enlarged waist
and elevated triacylglycerol concentration. American Journal of Clinical Nutrition
2003;78:928-34.
96. Palaniappan L, Carnethon MR, Wang Y, Hanley AJ, Fortmann SP, Haffner SM, et
al. Predictors of the incident metabolic syndrome in adults. The Insulin Resistance
Atherosclerosis Study. Diabetes Care 2004;27:788-93.
97. Riserus U, Arnlov J, Brismar K, Zethelius B, Berglund L, Vessby B. Sagittal abdominal diameter is a strong anthropometric marker of insulin resistance and hyperproinsulinemia in obese men. Diabetes Care 2004;27:2041-6.
98. Bigaard J, Frederiksen K, Tjonneland A, Thomsen BL, Overvad K, Heitmann
BL, et al. Waist and hip circumferences and all-cause mortality. Usefulness of the
waist-to-hip ratio? International Journal of Obesity & Related Metabolic Disorders
2004;28:741-7.
99. Bigaard J, Thomsen BL, Tjonneland A, Sorensen TI. Does waist circumference alone
explain obesity-related health risk? American Journal of Clinical Nutrition 2004;80:
790-1.
100. Hassinen M, Lakka TA, Komulainen P, Haapala I, Nissinen A, Rauramaa R.
Association of waist and hip circumference with 12-year progression of carotid intima-media thickness in elderly women. Int J Obes 31:1406-11.
101. Kuk JL, Katzmarzyk PT, Nichaman MZ, Church TS, Blair SN, Ross R. Visceral fat is
an independent predictor of all-cause mortality in men. Obesity 2006;14:336-41.
102. Zhang X, Shu XO, Gao YT, Yang G, Matthews CE, Li Q, et al. Anthropometric predictors of coronary heart disease in Chinese women. International Journal of Obesity &
Related Metabolic Disorders 2004;28:734-40.

