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Abstract
Background: Low levels of physical activity may increase the risk of developing metabolic syndrome, a cluster of
metabolic factors that are associated with the risk of premature death. It has been suggested that physical activity
may reduce the impact of factors associated with metabolic syndrome, but it is not known whether physical
activity may reduce mortality in people with metabolic syndrome.
Methods: In a prospective study of 50,339 people, 13,449 had metabolic syndrome at baseline and were followed up
for ten years to assess cause-specific mortality. The population was divided into two age groups: those younger than 65
years of age and those older than age 65. Information on their physical activity levels was collected at baseline.
Results: Metabolic syndrome was associated with higher mortality from all causes (hazard ratio (HR) 1.35, 95%
confidence interval (95% CI) 1.20 to 1.52) and from cardiovascular causes (HR 1.78, 95% CI 1.39 to 2.29) in people
younger than 65 years old than among other populations. In older people, there was no overall association of
metabolic syndrome with mortality. People with metabolic syndrome who reported high levels of physical activity at
baseline were at a reduced risk of death from all causes compared to those who reported no physical activity, both
in the younger age group (HR 0.52, 95% CI 0.37 to 0.73) and in the older age group (HR 0.59, 95% CI 0.47 to 0.74).
Conclusion: Among people with metabolic syndrome, physical activity was associated with reduced mortality from
all causes and from cardiovascular causes. Compared to inactivity, even low levels of physical activity were
associated with reduced mortality.
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Background
Metabolic syndrome, a clustering of metabolic risk factors,
increases the risk of premature death from cardiovascular
disease (CVD) threefold compared to people without
metabolic syndrome [1]. In the Western world, approximately 25% of people in the 40- to 49-year-old age group
and approximately 45% in the 60- to 69-year-old age
group may have metabolic syndrome, but its prevalence
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appears to differ between populations and is dependent on
age, gender and ethnicity [2,3].
There is no single medication available to treat metabolic syndrome, and each clustering factor needs to be
treated separately [4]. Lifestyle changes are highly recommended as part of the treatment strategy [5,6]. The results
of population-based studies have suggested that a low
level of physical activity is associated with a high prevalence of metabolic syndrome [7-10], and clinical studies
have shown that exercise training may improve the risk
factor profile for people with established metabolic syndrome [11-13]. According to current recommendations,
people should engage in 30 minutes of moderately intense
activity five days per week or vigorous aerobic physical
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activity for a minimum of 20 minutes three days per week
to promote and maintain good health [14,15]. Alternatively, people can engage in a combination of moderate
and vigorous activity to meet the recommended guidelines. In addition, activities that maintain or increase muscular strength and endurance are recommended for a
minimum of two days each week. It is not known whether
people with metabolic syndrome will benefit from a similar level of physical activity, and it is also not known
whether physical activity may reduce mortality in people
with metabolic syndrome.
In a prospective study of more than 13,000 men and
women with metabolic syndrome, we assessed whether
self-reported levels of physical activity are associated
with the risk of death from all causes and specifically
with the risk of death from cardiovascular causes.

Methods
Study population

An adult population ages 20 years and older in NordTrøndelag County in Norway was invited to participate in
a large health survey (the Nord-Trøndelag Health Study 2,
or HUNT 2) from 1995 to 1997. Of 92,205 individuals,
65,215 (70.7%) accepted the invitation to enter the study
and underwent a medical examination that has been
described in detail elsewhere [16]. Briefly, the participants
filled in self-administered questionnaires and were subjected to physical measurements, including anthropometric factors and blood pressure, and a blood sample was
taken from all participants. Among many health-related
items, the questionnaire covered physical activity, smoking
habits, alcohol consumption, marital status, occupation
and educational attainment.
Exclusion criteria

On the basis of self-reports, we initially excluded 5,220
participants from mortality follow-up if they had a history
of stroke or myocardial infarction or known angina pectoris. Important information regarding physical activity
was missing for 9,656 people, and these initial participants
were also excluded. Therefore, the present study included
50,339 participants (13,449 with metabolic syndrome and
36,890 without metabolic syndrome) who were followed
up for cause-specific mortality.
End points and follow-up

Compulsory reporting of deaths by public health officers
and physicians is the basis for the Causes of Death Registry in Norway, including coding of underlying causes of
death. End points in this study were deaths from any
cause and deaths from cardiovascular causes (International Classification of Disease (ICD)-9:390 to 9:459;
ICD-10:I00 to 10:I 99).

Page 2 of 8

Serum glucose levels

Since blood samples were drawn throughout the day and
fasting samples could not be obtained, the time since the
most recent meal was carefully recorded. In the analyses,
it was adjusted for the time since the most recent meal to
compensate for the nonfasting state of the participants. A
total of 10,420 individuals (16%) reported that at least four
hours had passed since their most recent meal, and their
glucose levels were used as one factor in the identification
of people with prevalent metabolic syndrome.
Metabolic syndrome

Metabolic syndrome was defined as the concurrent prevalence of any three of the following five factors [17]: waist
circumference ≥94 cm for men and ≥80 cm for women,
serum triglyceride level ≥1.7 mmol/L, high-density lipoprotein < 1.0 mmol/L in males and < 1.3 mmol/L in
females, systolic blood pressure ≥130 mmHg or diastolic
blood pressure ≥85 mm Hg or treatment for hypertension,
fasting plasma glucose level ≥5.6 mmol/L, or previously
diagnosed or known type 2 diabetes.
Physical activity

The participants were asked about their physical activity
(PA) during leisure time. The PA questions differentiated
between light and hard physical activity during an ordinary week, with four response options for each intensity
level (none, less than one hour, one to two hours or at
least three hours). The questions about hard and light PA
were not mutually exclusive, and the data allowed us to
construct a PA variable that roughly corresponded to the
current recommendations for aerobic physical activity
[14]. Moderate intensity PA has previously been
described as being equivalent to brisk walking [14], and
we therefore assumed that this response would correspond to what people reported as light PA. In the constructed PA variable, duration of exercise was divided
into light PA (less than one hour and at least three hours
of light activity) and hard PA (less than one hour and at
least one hour of hard activity). Furthermore, we combined hard and light PA into the following four activity
categories: Inactive (inactive regarding both light and
hard PA), Low (less than three hours of light PA and no
hard PA), Moderate (less than three hours of light PA
and less than one hour of hard PA or at least three hours
of light PA and no hard PA) and High (at least three
hours of light PA and less than one hour of hard PA, at
least three hours of light PA and at least one hour of
high PA, or less than three hours of light PA and at least
one hour of hard PA). Thus, low PA included both those
who reported less than one hour of light PA per week
and those who reported up to two hours of light PA per
week. Low PA indicated a PA level lower than what is
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recommended. Moderate PA corresponded fairly well
with the current PA recommendations as it included
three hours or more of light PA or less than three hours
of light PA and less than one hour of hard PA (including
moderate and/or vigorous PA). High PA indicated an
activity level higher than the minimum recommended
level.
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Results
Interaction

There was a significant interaction with age, but not with
sex. Therefore, the study population was divided into two
age groups (ages < 65 years and ≥65 years), and data for
men and women were combined.
Baseline characteristics

Statistical analysis

Person-years were calculated from the date of entrance
into the study until the date of death or until the end of
follow-up, 31 December 2007, whichever occurred first.
Cox regression analyses were used to compute hazard
ratios (HRs) of all-cause and cardiovascular mortality,
where the rate of death of people with metabolic syndrome
was compared with the mortality rate in people without
metabolic syndrome. The precision of the estimates was
assessed on the basis of 95% confidence intervals (95% CI).
In similar analyses, we estimated the association of PA
with the risk of death among people with metabolic syndrome using inactive participants as the reference category.
All estimated associations were adjusted for age by including current age as the time scale in the Cox regression
model. In additional multivariable models, we adjusted for
the potential confounding effects of sex, marital status
(married, unmarried, divorced or separated and widow or
widower), education level attained (≤10 years, 11 to 14
years, ≥15 years or unknown), alcohol consumption (frequency during the past two weeks: none, one to four, at
least five, total abstainer or unknown), smoking status
(never, former, current or unknown) and occupational
activity (mostly sedentary, much walking, much walking
and lifting, heavy physical work or unknown).
In a separate analysis, we examined the combined effect
of PA and metabolic syndrome status on the risk of death
from all causes and specifically from CVD. For this purpose, participants who were without metabolic syndrome
and reported high PA served as the reference group.
Departure from the proportional hazards assumption was
evaluated by Schoenfeld residuals, and, in the analysis, we
found no evidence of departure. Potential effect modification was assessed for age at baseline and sex. P values for
interaction were calculated by using likelihood ratio tests
to compare models with and without the interaction
terms. P values for linear trends were calculated by using
PA categories as an ordinal variable in the Cox regression
model. All statistical tests were two-sided, and the statistical analyses were conducted using Stata for Windows version 10.0 software (StataCorp LP, Texas 77845, USA).
Ethics

All participants in the HUNT 2 study provided their
written consent, and the Regional Committee for Medical Research Ethics approved the study.

Baseline characteristics of the populations are presented in
Table 1. The total prevalence of metabolic syndrome was
27%. Its prevalence at baseline was 23% among participants younger than 65 years of age and 44% among participants 65 years or older. In the younger age group, 53%
reported a level of exercise that was equal to or higher
than current recommendations, and only 9% reported that
they were inactive (Table 1). In the older age group, the
corresponding proportions were 41% and 19% (Table 1).
Metabolic syndrome and mortality

During a mean follow-up period of 10 years (standard
deviation ± 2 years), 1,839 persons among 13,449 with
metabolic syndrome died. In the group younger than 65
years of age, 26% of the deaths were caused by CVD, and
among people age 65 years or older, 43% of the deaths
were caused by CVD.
Among people younger than 65 years of age, those with
metabolic syndrome were at higher risk of death from all
causes (HR 1.35, 95% CI 1.20 to 1.52) and from CVD (HR
1.78, 95% CI 1.39 to 2.29) compared to people without
metabolic syndrome. In the older age group, there was no
clear association of metabolic syndrome with the risk of
dying (Figure 1).
Physical activity and mortality

Table 2 shows the relative risk of dying from all causes
and from CVD among people with metabolic syndrome.
The table shows that after adjustment for potentially confounding factors, the risk of death from all causes was
reduced with increasing PA level (P trend < 0.001).
Highly active people younger than 65 years of age had a
strong risk reduction in all-cause mortality (HR 0.52, 95%
CI 0.37 to 0.73) compared to inactive people. In the older
age group (≥65 years), the corresponding comparison
showed a similar risk reduction (HR 0.59, 95% CI 0.47 to
0.74).
The results related to deaths from CVD were similar to
those for all-cause mortality. Thus, the reduction in the
risk of dying from CVD related to increasing PA level
showed a linear trend (P trend = 0.02 for people < 65
years of age and P < 0.001 for people ≥65 years of age),
and the HRs for highly active people was 0.60 (95% CI:
0.29 to 1.22) for people younger than 65 years old and
0.52 (95% CI: 0.37 to 0.73) for people age 65 years or
older.
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Table 1 Descriptive statistics of people with metabolic syndrome in HUNT 2a
Age group, years
Demographics

< 65

≥65

Participants, n

9,883

3,566

Person-years,

124,466

50,269

Deaths (all causes), n
Deaths (CVD), n (% of all deaths)

460

1,379

119 (26)

592 (43)
73.1 (6.1)

Mean age at baseline, years (± SD)

45.8 (11.3)

Mean body mass index, kg/m2 (± SD)

29.5 (4.0)

29.0 (3.9)

Mean waist circumference, cm (± SD)
Mean SBP, mmHg (± SD)

95.3 (10.0)
142.5 (17.3)

95.1 (10.3)
160.9 (22.3)

Mean DBP, mmHg (± SD)

85.1 (11.0)

87.7 (12.9)

Mean serum triglycerides, mmol/L (± SD)

2.8 (1.4)

2.6 (1.1)

Mean serum glucose, mmol/L (± SD)

5.6 (1.7)

6.3 (2.4)

Mean serum HDL, mmol/L (± SD)

1.1 (0.3)

1.2 (0.3)

Mean percentage of people taking diabetes medication (± SD)

3.8 (0.04)

12.6 (0.1)

Mean percentage of people taking BP medication (± SD)

11.5 (0.1)

33 (0.3)

Mean percentage of current smokers (± SD)
Mean percentage of sedentary occupational work (± SD)

32.2 (0.3)
28 (0.2)

15.9 (0.1)
45 (0.3)

18 (0.2)

5 (0.05)

Mean percentage of college or university education (± SD)
Participants’ PA levelsb, %
Inactive

9

19

Low

38

39

Moderate

27

29

High

26

12

a

HUNT 2, Nord-Trøndelag Health Study 2; CVD, cardiovascular disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; PA,
physical activity; Inactive, no light and no hard physical activity; Low, less than three hours of light and no hard PA; Medium, less than three hours light and less
than one hour hard PA, or at least three hours light PA and no hard PA; High, at least three hours light PA and less than one hour hard PA or at least three hours
light PA and at least one hour hard PA or less than three hours light PA and at least one hour hard PA; bbecause of rounding, percentages may not total 100.

Metabolic syndrome status and physical activity

We also assessed the combined effects of PA and
metabolic syndrome in the total population younger
than 65 years of age (Table 3). Our data showed that
the association between PA and mortality displayed
the same pattern in people with and without metabolic
syndrome. Interestingly, people with metabolic syndrome who reported high levels of PA had only a
slightly higher mortality risk compared to their healthy
counterparts (adjusted HR: 1.13, 95% CI: 0.87 to 1.49).
In older people with metabolic syndrome, the risk for
premature death was not significantly higher compared
to older people without metabolic syndrome. Thus, the
impact of PA was the same in people with and people
without metabolic syndrome ≥65 years old (data not
shown).

Discussion
In this large, prospective population study of men and
women with metabolic syndrome, we found a gradual
reduction in all-cause mortality associated with increasing levels of PA. Importantly, the greatest mortality difference was found between people who reported no
activity and those who reported low levels of PA.

To our knowledge, this is the first study to evaluate
the association of PA with mortality among people with
metabolic syndrome. The main finding was in line with
prospective studies in the general population [18-21] in
showing that PA is associated with a reduction in mortality from all causes, and specifically from CVD, among
people with metabolic syndrome. The substantial mortality difference that we found between low levels of PA
and no activity also corresponds to findings in the general population [21-23]. Less than 50% of adults in the
US meet the recommended level of PA [22], but our
results suggest that even PA at a level that most people
are able to achieve is likely to reduce mortality in people
with metabolic syndrome.
We cannot exclude the possibility that unknown factors
other than PA might explain the high mortality related to
physical inactivity. It is possible that being inactive reflects
prevalent illness and that therefore the stronger association with mortality might be as expected. We attempted
to take this possibility into account by excluding participants with a history of stroke, myocardial infarction or
known angina pectoris.
We found no difference regarding risk in mortality
due to CVD between those who reported being inactive
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2.5
<65 years
t65 years

Hazard ratio

2.0

1.5

(Ref.) 1.0

0.5
All-cause Deaths

CVD Deaths

Figure 1 Hazard ratios of all-cause and cardiovascular diseaserelated mortality among people with metabolic syndrome.
Adjusted for age (continuous), sex (men and women), smoking status
(never, former, current or unknown), physical activity index (High,
Medium, Low or Inactive), marital status (married or unmarried, widow
or widower, divorced or separated), education level attained (≤10
years, 11 to 14 years, ≥15 years or unknown), alcohol consumption
(frequency during past two weeks: none, one to four, at least five or
total abstainer) and occupational activity (mostly sedentary, much
walking, much walking and lifting, heavy physical work or unknown).
Squares and diamonds represent risk estimates, and bars represent
95% CI. People without metabolic syndrome (represented by coloured
diamonds and squares) served as the reference group.

and those who reported low levels of PA among people
with metabolic syndrome in the age group younger than
65 years of age. However, that analysis was based on a

small number of deaths, and thus the statistical power
required to detect any effect was modest.
A number of studies have shown that metabolic syndrome is associated with increased risk of death from all
causes, and specifically from CVD, compared to people
without metabolic syndrome [1,5]. In our study, there
was a positive association of metabolic syndrome with
all-cause and CVD mortality only among people younger
than 65 years of age. Our finding is in line with that of
Hildrum et al. [24], who reported higher all-cause mortality associated with metabolic syndrome in middle-aged
people but not in older adults. A possible explanation for
our observation is that people with low tolerance for cardiovascular risk factors die before they reach old age and
that the risk factors associated with metabolic syndrome
have less effect on survival in older individuals.
It has been shown that PA may improve the factors
that constitute metabolic syndrome [12,25,26]. Therefore, beneficial effects on weight, blood pressure, serum
lipid levels and metabolism of carbohydrates may be
important for the lower mortality associated with PA
among people with metabolic syndrome. Also, improvement in cardiac function, especially in relation to the
intensity of PA [27], is likely to play a role.
The question about leisure time PA in the HUNT 2
questionnaire did not distinguish between strength and
aerobic exercise, and therefore we cannot attribute the
observed effects to a particular type of exercise. People
who report being inactive are likely to be inactive; however, PA in questionnaire-based data is typically overreported [28]. In this study, misclassification caused by
overreporting of PA would place some people into a
higher PA category than their true activity level would

Table 2 Levels of physical activity in people with metabolic syndrome and HRs of all-cause and CVD-related deathsa
All-cause mortality
PA index
< 65 years old

Number

Person-years

Deaths

HRb

CVD-related deaths
P trend

HRc (95% CI)

Deaths

HRb

HRc (95% CI)
1.0 (reference value)

Inactivec

9,357

70

1.0

1.0 (Ref.)

15

1.0

Low

41,723

203

0.62

0.71 (0.54 to 0.94)

61

0.87

1.03 (0.58 to 1.83)

Moderate

30,398

114

0.52

0.58 (0.43 to 0.79)

26

0.56

0.63 (0.33 to 1.20)

High

28,119

73

0.46

0.52 (0.37 to 0.73)

17

0.51

0.60 (0.29 to 1.22)

< 0.001
≥65 years old
Inactived

0.02

3,566
5,620

375

1.0

1.0 (Ref.)

171

1.0

Low

13,347

522

0.76

0.75 (0.65 to 0.86)

235

0.76

1.0 (reference value)
0.76 (0.62 to 0.93)

Moderate

10,157

361

0.70

0.65 (0.56 to 0.76)

140

0.61

0.58 (0.46 to 0.74)

High

4,293

121

0.69

0.59 (0.47 to 0.74)

46

0.59

0.52 (0.37 to 0.73)

< 0.001
a

P trend

9,883

b

< 0.001
c

CVD, cardiovascular disease; PA, physical activity; HR, hazard ratio; CI, confidence interval; adjusted for age (continuous); adjusted for age (continuous), sex
(men and women), marital status (married or unmarried, widow or widower, divorced or separated), education level attained (≤10 years, 11 to 14 years, ≥15
years and unknown), alcohol consumption (frequency during past two weeks: none, one to four, at least five, total abstainer and unknown), smoking status
(never, former, current or unknown), occupational activity (mostly sedentary, much walking, much walking and lifting or heavy physical work); dinactive
participants served as the reference group.
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Table 3 Adjusted HRs of all-cause and CVD-related deaths related to physical activity and MetS status among people
younger than 65 years olda
Physical activity index
Mortality

High

Moderate

Low

Inactive

Total deaths
Without MetS
Deaths

193

200

265

83

Person-years

134,119

99,214

112,980

22,046

HR (95% CI)

1.0 (reference value)b

1.02 (0.84 to 1.25)

1.08 (0.89 to 1.30)

1.54 (1.18 to 2.00)

With MetS
Deaths

73

114

203

70

Person-years

28,119

30,399

41,723

9,357

HR (95% CI)

1.13 (0.87 to 1.49)

1.26 (0.99 to 1.59)

1.56 (1.28 to 1.92)

2.13 (1.61 to 2.83)

CVD-related deaths
Without MetS
Deaths

31

41

48

17

Person-years

134,119

HR (95% CI)

1.0 (reference value)b

99,214
1.29 (0.81 to 2.07)

112,980
1.18 (0.74 to 1.87)

22,046
1.76 (0.97 to 3.22)

With MetS
Deaths

17

26

61

15

Person-years

28,119

30,399

41,723

9,357

HR (95% CI)

1.51 (0.83 to 2.73)

1.63 (0.96 to 2.77)

2.75 (1.76 to 4.30)

2.55 (1.35 to 4.79)

a

MetS, metabolic syndrome; HR, hazard ratio; CI, confidence interval; MetS, metabolic syndrome; CVD, cardiovascular disease; bparticipants who reported high
physical activity levels and did not have metabolic syndrome served as the reference group. HRs are adjusted for age (continuous), sex (men and women),
marital status (married or unmarried, widow or widower, divorced or separated), education level attained (≤10 years, 11 to 14 years, ≥15 years or unknown),
alcohol consumption (frequency during past two weeks: none, one to four, at least five, total abstainer or unknown), smoking status (never, former, current or
unknown), occupational activity (mostly sedentary, much walking, much walking and lifting or heavy physical work).

indicate. The possible effect of this misclassification would
most likely underestimate the effect of PA in this study.
The use of nonfasting glucose values in our study could
have been a potential source of bias. Glucose level was
used as a diagnostic criterion for metabolic syndrome only
if the levels were elevated four hours postprandial. Thus,
there was a potential risk of placing some people with
metabolic syndrome into the category of people without
metabolic syndrome. However, in a subanalysis, glucose
was used as a criterion in all subjects regardless of the
time since their most recent meal, and the results were
essentially the same. Validation of the PA questionnaire in
the HUNT 2 study showed that the “light activity” question was not adequately correlated with other measures of
PA, whereas the reliability of hard PA and occupational
activity was found to be satisfactory [29]. The validation
was conducted among 108 men ages 20 to 39 years, however, and therefore we cannot be certain that the results
can be generalized to the rest of our study population. In
this study, an attempt was made to classify self-reported
PA so that it would correspond to the currently recommended guidelines for PA. However, the classification was
not exact, and caution should be taken when interpreting

these data. Also, some participants might have changed
their PA levels after data collection, and these changes
might also have influenced the results. However, such
changes most likely would have underestimated the differences in mortality between the inactive group and the
groups with different activity levels.

Conclusion
In summary, we found that PA among people with
metabolic syndrome was associated with reduced risk of
death from all causes and from CVD. The reduction displayed a dose-risk association, but maybe equally importantly, we found that even a low level of PA was
associated with a substantial mortality reduction compared to those who reported that they were physically
inactive. Our results strongly indicate that PA should be
recommended to people with metabolic syndrome to
reduce their risk of premature death.

Acknowledgements
The Nord-Trøndelag Health Study (the HUNT Study) is a collaboration
between the HUNT Research Centre (Faculty of Medicine, Norwegian
University of Science and Technology (NTNU)), the Nord-Trøndelag County

Stensvold et al. BMC Medicine 2011, 9:109
http://www.biomedcentral.com/1741-7015/9/109

Council and the Norwegian Institute of Public Health. We are very thankful
to the participants of the HUNT Study and to the management of the study
for using these data. This study was supported by a Liaison Committee
between the Central Norway Regional Health Authority (RHA) and the
NTNU.
Author details
1
K.G. Jebsen Center of Exercise in Medicine, Department of Circulation and
Medical Imaging, Norwegian University of Science and Technology,
Trondheim, Norway. 2Department of Circulation and Medical Imaging,
Norwegian University of Science and Technology, Trondheim, Norway. 3St.
Olavs Hospital, Postboks 3250 Sluppen, 7006 Trondheim, Norway. 4Human
Movement Science Programme, Norwegian University of Science and
Technology, Dragvoll, Loholt allé 81, Trondheim, Norway. 5Department of
Public Health, Norwegian University of Science and Technology, Postboks
8905, MTFS, 7491 Trondheim, Norway.
Authors’ contributions
DS developed the idea of conducting the study, analysed the data,
interpreted the results and wrote the paper. JN analysed the data,
interpreted the results and wrote the paper. TILN analysed the data and
interpreted the results. UW conceived the idea of the study, interpreted the
results and wrote the paper. SAS conceived the idea of the study and wrote
the paper. LJV interpreted the results and wrote the paper. All authors read
and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 6 July 2011 Accepted: 29 September 2011
Published: 29 September 2011
References
1. Lakka HM, Laaksonen DE, Lakka TA, Niskanen LK, Kumpusalo E,
Tuomilehto J, Salonen JT: The metabolic syndrome and total and
cardiovascular disease mortality in middle-aged men. JAMA 2002,
288:2709-2716.
2. Ford ES, Giles WH, Dietz WH: Prevalence of the metabolic syndrome
among US adults: findings from the third National Health and Nutrition
Examination Survey. JAMA 2002, 287:356-359.
3. Hildrum B, Mykletun A, Hole T, Midthjell K, Dahl AA: Age-specific
prevalence of the metabolic syndrome defined by the International
Diabetes Federation and the National Cholesterol Education Program:
the Norwegian HUNT 2 study. BMC Public Health 2007, 7:220.
4. Lennie TA: The metabolic syndrome. Circulation 2006, 114:e528-e529.
5. Gami AS, Witt BJ, Howard DE, Erwin PJ, Gami LA, Somers VK, Montori VM:
Metabolic syndrome and risk of incident cardiovascular events and
death: a systematic review and meta-analysis of longitudinal studies.
J Am Coll Cardiol 2007, 49:403-414.
6. Grundy SM, Hansen B, Smith SC Jr, Cleeman JI, Kahn RA, American Heart
Association, National Heart, Lung, and Blood Institute, American Diabetes
Association: Clinical management of metabolic syndrome: report of the
American Heart Association/National Heart, Lung, and Blood Institute/
American Diabetes Association conference on scientific issues related to
management. Circulation 2004, 109:551-556.
7. 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,
25:1612-1618.
8. Lakka TA, Laaksonen DE: Physical activity in prevention and treatment of
the metabolic syndrome. Appl Physiol Nutr Metab 2007, 32:76-88.
9. Sisson SB, Camhi SM, Church TS, Martin CK, Tudor-Locke C, Bouchard C,
Earnest CP, Smith SR, Newton RL Jr, Rankinen T, Katzmarzyk PT: Leisure
time sedentary behavior, occupational/domestic physical activity, and
metabolic syndrome in U.S. men and women. Metab Syndr Relat Disord
2009, 7:529-536.
10. Korniloff K, Häkkinen A, Kautiainen H, Koponen H, Peltonen M,
Mäntyselkä P, Oksa H, Kampman O, Vanhala M: Leisure-time physical
activity and metabolic syndrome plus depressive symptoms in the FIND2D survey. Prev Med 2010, 51:466-470.

Page 7 of 8

11. Tjonna AE, Lee SJ, Rognmo O, Stolen TO, Bye A, Haram PM, Loennechen JP,
Al-Share QY, Skogvoll E, Slordahl SA, Kemi OJ, Najjar SM, Wisloff U: Aerobic
interval training versus continuous moderate exercise as a treatment for
the metabolic syndrome: a pilot study. Circulation 2008, 118:346-354.
12. Stensvold D, Tjonna AE, Skaug EA, Aspenes S, Stolen T, Wisloff U,
Slordahl SA: Strength training versus aerobic interval training to modify
risk factors of metabolic syndrome. J Appl Physiol 2010, 108:804-810.
13. Johnson JL, Slentz CA, Houmard JA, Samsa GP, Duscha BD, Aiken LB,
McCartney JS, Tanner CJ, Kraus WE: Exercise training amount and intensity
effects on metabolic syndrome (from Studies of a Targeted Risk
Reduction Intervention through Defined Exercise). Am J Cardiol 2007,
100:1759-1766.
14. Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA, Macera CA,
Heath GW, Thompson PD, Bauman A: Physical activity and public health:
updated recommendation for adults from the American College of
Sports Medicine and the American Heart Association. Circulation 2007,
116:1081-1093.
15. O’Donovan G, Blazevich AJ, Boreham C, Cooper AR, Crank H, Ekelund U,
Fox KR, Gately P, Giles-Corti B, Gill JM, Hamer M, McDermott I, Murphy M,
Mutrie N, Reilly JJ, Saxton JM, Stamatakis E: The ABC of Physical Activity
for Health: a consensus statement from the British Association of Sport
and Exercise Sciences. J Sports Sci 2010, 28:573-591.
16. Holmen J, Midthjell K, Krüger Ø, Langhammer A, Holmen T, Bratberg G,
Vatten L, Lund-Larsen P: The Nord-Trøndelag Health Study 1995-97
(HUNT 2): objectives, contents, methods and participation. Norsk
Epidemiologi 2003, 13:19-32.
17. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA,
Fruchart JC, James WP, Loria CM, Smith SC Jr: Harmonizing the metabolic
syndrome: a joint interim statement of the International Diabetes
Federation Task Force on Epidemiology and Prevention; National Heart,
Lung, and Blood Institute; American Heart Association; World Heart
Federation; International Atherosclerosis Society; and International
Association for the Study of Obesity. Circulation 2009, 120:1640-1645.
18. Paffenbarger RS Jr, Lee IM: Physical activity and fitness for health and
longevity. Res Q Exerc Sport 1996, 67:S11-S28.
19. Andersen LB, Schnohr P, Schroll M, Hein HO: All-cause mortality
associated with physical activity during leisure time, work, sports, and
cycling to work. Arch Intern Med 2000, 160:1621-1628.
20. Lee IM, Skerrett PJ: Physical activity and all-cause mortality: what is the
dose-response relation? Med Sci Sports Exerc 2001, 33:S459-S471, discussion
S493-S494.
21. Wisloff U, Nilsen TI, Droyvold WB, Morkved S, Slordahl SA, Vatten LJ: A
single weekly bout of exercise may reduce cardiovascular mortality: how
little pain for cardiac gain? ‘The HUNT study, Norway’. Eur J Cardiovasc
Prev Rehabil 2006, 13:798-804.
22. Lee DC, Sui X, Ortega FB, Kim YS, Church TS, Winett RA, Ekelund U,
Katzmarzyk PT, Blair SN: Comparisons of leisure-time physical activity and
cardiorespiratory fitness as predictors of all-cause mortality in men and
women. Br J Sports Med 2011, 45:504-510.
23. Lollgen H, Bockenhoff A, Knapp G: Physical activity and all-cause
mortality: an updated meta-analysis with different intensity categories.
Int J Sports Med 2009, 30:213-224.
24. Hildrum B, Mykletun A, Dahl AA, Midthjell K: Metabolic syndrome and risk
of mortality in middle-aged versus elderly individuals: the NordTrondelag Health Study (HUNT). Diabetologia 2009, 52:583-590.
25. Tjonna AE, Stolen TO, Bye A, Volden M, Slordahl SA, Odegard R, Skogvoll E,
Wisloff U: Aerobic interval training reduces cardiovascular risk factors
more than a multitreatment approach in overweight adolescents. Clin
Sci (Lond) 2009, 116:317-326.
26. Haram PM, Kemi OJ, Lee SJ, Bendheim MO, Al-Share QY, Waldum HL,
Gilligan LJ, Koch LG, Britton SL, Najjar SM, Wisloff U: Aerobic interval
training vs. continuous moderate exercise in the metabolic syndrome of
rats artificially selected for low aerobic capacity. Cardiovasc Res 2009,
81:723-732.
27. Wisloff U, Ellingsen O, Kemi OJ: High-intensity interval training to
maximize cardiac benefits of exercise training? Exerc Sport Sci Rev 2009,
37:139-146.
28. Walsh MC, Hunter GR, Sirikul B, Gower BA: Comparison of self-reported
with objectively assessed energy expenditure in black and white
women before and after weight loss. Am J Clin Nutr 2004, 79:1013-1019.

Stensvold et al. BMC Medicine 2011, 9:109
http://www.biomedcentral.com/1741-7015/9/109

Page 8 of 8

29. Kurtze N, Rangul V, Hustvedt BE, Flanders WD: Reliability and validity of
self-reported physical activity in the Nord-Trøndelag Health Study
(HUNT 2). Eur J Epidemiol 2007, 22:379-387.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1741-7015/9/109/prepub
doi:10.1186/1741-7015-9-109
Cite this article as: Stensvold et al.: Even low level of physical activity is
associated with reduced mortality among people with metabolic
syndrome, a population based study (the HUNT 2 study, Norway). BMC
Medicine 2011 9:109.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

