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Abstract

Background: The individual physical activity level is an independent risk factor for cardiovascular disease and
death, as well as a possible target for improving health outcome. However, today´s widely adopted risk score
charts, typically do not include the level of physical activity. There is a need for a simple risk assessment tool, which
includes a reliable assessment of the level of physical activity. The aim of this study was therefore, to analyse the
association between the self-reported levels of physical activity, according to the Saltin-Grimby Physical Activity
Level Scale (SGPALS) question, and cardiovascular risk factors, specifically focusing on the group of individuals with
the lowest level of self-reported PA.

Methods: We used cross sectional data from the Intergene study, a random sample of inhabitants from the
western part of Sweden, totalling 3588 (1685 men and 1903 women, mean age 52 and 51). Metabolic
measurements, including serum-cholesterol, serum-triglycerides, fasting plasma-glucose, waist circumference, blood
pressure and resting heart rate, as well as smoking and self-reported stress were related to the self-reported
physical activity level, according to the modernized version of the SGPALS 4-level scale.

Results: There was a strong negative association between the self-reported physical activity level, and smoking,
weight, waist circumference, resting heart rate, as well as to the levels of fasting plasma-glucose,
serum-triglycerides, low-density lipoproteins (LDL), and self-reported stress and a positive association with the levels
of high-density lipoproteins (HDL). The individuals reporting the lowest level of PA (SGPALS, level 1) had the
highest odds-ratios (OR) for having pre-defined levels of abnormal risk factors, such as being overweight (men OR
2.19, 95% CI: 1.51-3.19; women OR 2.57, 95 % CI: 1.78-3.73), having an increased waist circumference (men OR 3.76,
95 % CI: 2.61-5.43; women OR 2.91, 95% CI: 1.94-4.35) and for reporting stress (men OR 3.59, 95 % CI: 2.34-5.49;
women OR 1.25, 95% CI: 0.79-1.98), compared to the most active individuals, but also showed increased OR for
most other risk factors analyzed above.

Conclusion: The self-reported PA-level according to the modernized Saltin-Grimby Physical Activity Level Scale,
SGPALS, is associated with the presence of many cardiovascular risk factors, with the most inactive individuals
having the highest risk factor profile, including self-reported stress. We propose that the present SGPALS may be
used as an additional, simple tool in a routine risk assessment in e.g. primary care, to identify inactive individuals,
with a higher risk profile.
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Background
Physical activity (PA) is defined as any bodily move-
ment produced by the skeletal muscles, resulting in
increased energy expenditure [1]. Regular PA is asso-
ciated with a lower risk of cardiovascular and overall
morbidity and mortality [2]. Indeed, physical inactivity
was recently ranked as the fourth most important risk
factor of mortality worldwide, by the World Health
Organization (WHO) [3]. The recommended level of
medium intensity aerobic activity being 150 minutes/
week, only half of the adult population in the USA
reach this level of PA according to self-reported data
[4], while the Eurobarometer study estimated that only
23 % of the Swedish population were sufficiently phys-
ically active [5].
Both cardiorespiratory fitness (CRF), defined as the

maximum oxygen uptake on treadmill or by bicycle erg-
ometer [1], and the level of physical activity have been
found to be independently associated with cardiovascu-
lar risk factors, such as blood lipids, body mass index
(BMI), blood pressure and insulin resistance [6,7], as
well as predicting morbidity and mortality [8,9]. In
addition, sedentary behaviour and few breaks in sitting
time, is also independently associated to cardiovascular
risk factors [10]. In addition to the direct effects on
the cardiovascular system, physical inactivity also
increases future risk of developing mental disorders and
stress [11].
The definitions of sedentary behaviour has varied in the

literature, initially including a low physical activity level in
addition to being still, making comparisons between stud-
ies difficult [12]. The health risk related to sedentary be-
haviour seems to be independent of the time spent
performing light and moderate to vigorous PA [13,14]. In
these studies, sedentary behaviour was defined as an accel-
erometer count of <100/min, but has also been defined as
all activities that consume not over 1.0-1.5 metabolic
equivalent units (METs; equivalent to energy expenditure
from oxygen uptake of 3.5 ml�kg-1�min-1) [15]. Recently
the Sedentary Behaviour Research Network has suggested
a standardized description [16], defining inactive indivi-
duals are those not meeting recommended level of
PA, while sedentary behaviour is defined as any awake
activities while sitting or reclining posture with an energy
expenditure <1.5 METs. Moreover the actual sitting time
has recently also been independently related to increased
risk for all-cause and cardiovascular disease (CVD) mor-
tality [17,18].
Indeed, the greatest net-effect for health may be

gained by any positive change from sedentary behavior
[19]. As a result, identifying and targeting physically
inactive, including sedentary, or insufficiently active indi-
viduals, is one of the major tasks in primary and second-
ary prevention in everyday health care.
The Framingham Risk Score and the European Society
of Cardiology’s SCORE, based on cholesterol, gender,
age, blood pressure and smoking, are used to identify
individuals with increased risk of cardiovascular events
[20,21]. However, both risk score charts lack information
about the physical activity level, which would be a valu-
able contribution to identify patients at risk, as both
physical activity levels and CRF are important independ-
ent risk factors for CVD [9,22]. While direct measure-
ment of the individual CRF level, using e.g. bicycle
ergometers or treadmill tests may not be feasible in
everyday health care, a simple assessment of the physical
activity level, identifying patients at potentially increased
cardiovascular risk, by being physically inactive, would
be useful.
In a previous longitudinal study, we used a four level

scale to assess the self-reported physical activity level in
a working population, showing an association with both
perceived stress and self-reported mental disorders [11].
This scale was originally developed by Saltin and Grimby
(here termed Saltin-Grimby Physical Activity Level
Scale, SGPALS) [23].
In the present study, we thus aimed to study the rela-

tionship between the self-reported level of PA according
to the modernized version of SGPALS and other trad-
itional cardiovascular risk factors in a large Swedish
population. We also wanted to characterise the subjects
having the lowest level of PA, according to SGPALS,
with regard to their risk of having pre-defined abnormal
levels of the classical risk factors.

Methods
This study is a part of the Intergene study, which was
conducted between April 2001 and December 2004, and
included a random sample of inhabitants of Region Väs-
tra Götaland from central population registry, of both
sexes, aged between 25 and 74 years. In total, 8820 indi-
viduals were initially selected to participate of whom 194
were not eligible, due to either having an unknown ad-
dress, change of address or having died prior to contact.
The survey response-rate was 44 % (women) and 39 %
(men), and a total of 3610 individuals (1908 women/
1702 men), with a mean age of 52 (women) and 51 years
(men), were finally included in the study. The question
regarding PA level was answered by 1903 women and
1685 men.
The aim of the Intergene study was to investigate the

INTERplay between GENEtic susceptibility and environ-
mental factors predisposing to chronic disease. The
Intergene study included a questionnaire, a clinical
examination and blood measurements. Sample indivi-
duals received a letter of information, including an invi-
tation to participate in the study. Written informed
consent was required before study inclusion. Screening
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was centralised to the most inhabited areas, using a mo-
bile test centre (bus) outside the city of Gothenburg, as
earlier described by Berg [24].
Survey information
For self-reported level of PA we used the 4-level Saltin-
Grimby Physical Activity Level Scale (SGPALS) [23]
which has shown good validity and reliability [6]. The
SGPALS has been shown to be related to both the CRF
level [25-27] and to CVD-outcomes [28,29].
A single question is used: “How much do you move

and exert yourself physically during leisure time? If your
activity varies greatly between, for example summer and
winter, try to estimate an average. The question con-
cerns the last year”. Four options were given as possible
answers, making up the four self-reported physical activ-
ity groups. The modifications to modernize the activities
of the scale, as outlined below have to our knowledge
not been used in exactly the same design earlier in a
Swedish cohort. Although the amendment of using com-
puters is logical it hasn’t to our knowledge earlier been
used.

1. Physically inactive (I): Being almost completely
inactive, reading, watching television, watching
movies, using computers or doing other sedentary
activities, during leisure-time.

2. Some light physical activity (LPA): Being physically
active for at least four hours/week as riding a bicycle
or walking to work, walking with the family,
gardening, fishing, table tennis, bowling etc.

3. Regular physical activity and training (moderate PA,
MPA): Spending time on heavy gardening, running,
swimming, playing tennis, badminton, calisthenics
and similar activities, for at least 2 to 3 hours/week.

4. Regular hard physical training for competition sports
(vigorous PA,VPA): Spending time in running,
orienteering, skiing, swimming, soccer, European
handball etc. several times per week.

In this study, two percent of the participants reported
being physically active at the highest level “hard training
or competitive sports” (vigorous PA). This is similar to
previous studies, showing that less than four percent of
participants report the highest activity level [11,25].
Therefore, we merged group 4 with group 3 to form the
moderate-to-vigorous PA group (MVPA), for our study
analyses. The definition of physically inactive (formerly
described as “Sedentary”), SGPALS 1 above, include
those being predominately sedentary and those being
active at a very low level. However, the SGPALS
does not give information on sitting time or breaks in
sitting time.
A problem with the clinical applicability of the
SGPALS, may be that since the introduction in 1968,
new behavioural concepts and leisure-time activities
have been established, including widespread computer
use, necessitating updating of the instrument. SGPALS
has to our knowledge been translated from Swedish to
Norwegian, Danish, Finnish and English.
Questions on educational level, smoking habits, marital

status and stress were included in the survey. Smoking was
dichotomized into current smoker or non-smoker. Educa-
tional level was defined as long or short education, where
long education was defined as university level or higher.
Marital status was divided into four groups, never married,
married/cohabiting, divorced or widow/er. The level of
perceived stress at home and work was assessed with a
simple question, initially used in the study of men born in
1913 in Gothenburg [30]. In this study self-reported high
level of stress was defined as perceived stress during the
last year or more at either work or home. This level of
stress has been associated with myocardial infarction in
previous epidemiological studies [30].

Measurements and procedure
Participants were told to be fasting for the last four hours
prior to the visit at the research site, following standard
blood sampling routines. Weight and height were measured
to the nearest centimetre and kilogram, with light clothing
and without shoes. Body Mass Index (BMI) was calculated,
with overweight being defined as a BMI ≥25 kg/m2. Waist
circumference was measured according to international
standards, between the lower rib and the iliac crest. High
waist circumference was defined as ≥94 centimetres (men)
and ≥80 centimetres (women) [31]. Blood pressure (in milli-
metres Hg) was measured twice, for each participant after 5
minutes of rest, using an Omron 711 automatic IS ma-
chine, with the subject in the sitting position, with a simul-
taneous reading of heart rate. An elevated blood pressure
was defined as ≥150/90 mmHg. An elevated resting heart
rate was defined as ≥70 beats per minute (bpm) [32].
Plasma glucose was analysed using the hexokinase

method (Roche Hitachi 917 and Roche ModularP). A high
fasting plasma-glucose was defined as ≥6.1 mmol/litre.
The cholesterol and triglyceride analyses were made with
enzymatic assays and for the high-density lipoproteins
(HDL-cholesterol) analyses, dextran sulphate-magnesium
precipitation of apo-B containing lipoproteins, were
used. LDL cholesterol levels were estimated using the
Friedewald equation where applicable (missing n= 58).
Unfavourable levels of lipid fractions were defined as,
high LDL-cholesterol (≥3.0 mmol/l), low HDL-cholesterol
(<1.29 mmol/l women, <1.03 mmol/l men) and triglycer-
ides (≥1.7 mmol/l), as described in earlier epidemiological
work [33,34]. During one period there was no blood sam-
ples collected (n= 386).
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Statistics
Characteristics for the physical activity groups are
presented in the form of means and standard devia-
tions for continuous variables and percents for the
categorical variables. To assess the association be-
tween the physical activity and elevated cardiovascu-
lar risk factors we used a series of logistic regression
models where each risk factor was set as dependent
binary variable and physical activity and age as inde-
pendent variables. Analyses with adjustments for edu-
cational level affected odds ratios diminutively (data
Table 1 Characteristics of the participants according to gende

MVPA mean± SD
or % (N)

LPA mean
or % (

Men 29 (486) 59 (99

Marital status a 79 (385) 80 (79

University education 40 (196) 22 (22

Stress b 11 (54) 11 (11

Current smoker 8 (38) 16 (16

Age (years) 48.3 ± 13.5 53.7 ± 1

Weight (kg) 83 ± 10 85 ± 1

Triglycerides (mmol/l) 1.34 ± 1.15 1.61 ± 0

High density lipoprotein (mmol/l) 1.52 ± 0.37 1.45 ± 0

Waist circumference (cm) 91 ± 9 96± 1

Resting heart rate (bpm) 61 ± 10 66 ± 1

BMI (kg/m2) 25.8 ± 2.8 26.8 ± 3

Plasma-glucose (mmol/l) 5.16 ± 0.86 5.43 ± 1

Low density lipoprotein (mmol/l) 3.27 ± 0.97 3.39 ± 0

Systolic blood pressure (mmHg) 133 ± 18 136 ± 2

Diastolic blood pressure (mmHg) 81 ± 10 84 ± 1

Women 25 (469) 66 (126

Marital status a 74 (348) 73 (91

University education 43 (200) 32 (39

Stress b 18 (84) 19 (24

Current smoker 13 (61) 20 (25

Age (years) 46.9 ± 12.7 52.9 ± 1

Weight (kg) 67 ± 10 70 ± 1

Triglycerides (mmol/l) 1.05 ± 0.56 1.26 ± 0

High density lipoprotein (mmol/l) 1.84 ± 0.44 1.77 ± 0

Waist circumference (cm) 79 ± 9 84± 1

Resting heart rate (bpm) 65 ± 11 69 ± 1

BMI (kg/m2) 24.3 ± 3.5 25.9 ± 4

Plasma-glucose (mmol/l) 4.91 ± 0.86 5.05 ± 0

Low density lipoprotein (mmol/l) 2.94 ± 0.89 3.25 ± 1

Systolic blood pressure (mmHg) 124 ± 19 129 ± 2

Diastolic blood pressure (mmHg) 80 ± 10 82 ± 1

Data are presented as mean ± standard deviation, or percentage with (N). MVPA, m
a Living together with someone or married. b Perceiving stress during the last year
not shown). We also conducted a statistical (contrast
analysis) test for differences between the odds ratios
of LPA and the inactive group respectively to see if
there was a trend of the odds ratios across the phys-
ical activity levels. The moderate to vigorous physical
activity (MVPA) group was set as reference level in
the statistical models above, and odds ratios with
the other PA-levels were calculated and presented to-
gether with a 95% confidence interval. All analyses
were performed using SPSS version 18.0 (SPSS Inc.,
Chicago, Illinois, USA).
r and physical activity level

±SD
N)

Inactive mean± SD
or % (N)

All mean± SD
or % (N)

Values
missing N

9) 12 (200) (1685)

7) 72 (143) 79 (1325) 4

2) 21 (41) 27 (459) 8

3) 29 (58) 14 (225) 18

2) 31 (61) 16 (261) 8

2.4 49.2 ± 12.4 51.6 ± 12.9

3 88 ± 15 85 ± 12

.97 1.97 ± 1.32 1.57 ± 1.09 177

.38 1.32 ± 0.34 1.46 ± 0.38 184

0 99 ± 12 95 ± 10 52

1 68 ± 12 65 ± 11 5

.5 28.1 ± 4.3 26.7 ± 3.5

.20 5.46 ± 1.27 5.35 ± 1.13 177

.95 3.47 ± 0.88 3.37 ± 0.95 230

1 132 ± 21 135 ± 20 3

1 84 ± 10 83 ± 10 3

4) 9 (170) (1903)

8) 64 (108) 73 (1374) 10

8) 28 (47) 34 (645) 10

1) 20 (33) 19 (358) 26

2) 37 (62) 20 (375) 6

3.2 50.0 ± 13.2 51.2 ± 13.3

2 75 ± 15 70 ± 12 1

.68 1.47 ± 0.85 1.22 ± 0.68 207

.45 1.62 ± 0.46 1.78 ± 0.45 207

1 89 ± 14 83 ± 11 96

0 70 ± 11 68 ± 11 12

.3 27.5 ± 5.6 25.6 ± 4.4 1

.89 5.03 ± 0.99 5.01 ± 0.90 207

.01 3.25 ± 0.93 3.18 ± 0.98 222

3 127 ± 24 128 ± 22 2

0 82 ± 11 81 ± 10 2

oderate-to-vigorous physical activity, LPA, light physical activity.
or more at either work or home. bpm, beats per minute. BMI, body mass index.



Table 2 Prevalence of cardiovascular risk factors by
gender and physical activity level

MVPA
% (N)

LPA
% (N)

Inactive
% (N)

All
% (N)

Values
missing N

Men 29 (486) 59 (999) 12 (200) (1685)

Triglycerides
(≥1.7 mmol/l)

20 37 53 34 177

High density
lipoprotein
(<1.03 mmol/l)

6 11 23 11 184

Waist circumference
(≥94 cm)

37 57 67 53 52

Resting heart rate
(≥70 bpm)

18 34 37 30 5

Overweight
(BMI≥ 25 kg/m2)

58 66 76 65

Plasma-glucose
(≥6.1 mmol/l)

6 13 12 11 177

Low density
lipoprotein
(≥3.0 mmol/l)

58 65 71 64 230

Hypertension
(≥150/90mm/Hg)

13 20 16 17 3

Women 25 (469) 66 (1264) 9 (170) (1903)

Triglycerides
(≥1.7 mmol/l)

12 20 37 19 207

High density
lipoprotein
(<1.29 mmol/l)

9 10 19 11 207

Waist circumference
(≥80 cm)

43 62 70 58 96

Resting heart rate
(≥70 bpm)

30 44 46 40 12

Overweight
(BMI≥ 25 kg/m2)

32 52 57 47 1

Plasma-glucose
(≥6.1 mmol/l)

2 5 6 4 207

Low density
lipoprotein
(≥3.0 mmol/l)

45 58 62 55 222

Hypertension
(≥150/90mm/Hg)

8 13 15 12 2

MVPA, moderate-to-vigorous physical activity. LPA, light physical activity. bpm,
beats per minute. BMI, body mass index.
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Ethical review board
This study was approved by the Regional Ethical Review
Board, Gothenburg, Sweden, in 2000-12-13 (number
237–00).

Results
Level of physical activity in general
Twelve per cent of men and nine per cent of women, re-
spectively, reported being physically inactive, while 59
and 66 % of men and women, respectively, reported
LPA, and 29 and 25 % MVPA (Table 1). In Table 1 edu-
cational level, smoking habits, stress, marital status and
other cardiovascular risk factors are shown for the parti-
cipants stratified by different physical activity level
groups. Individuals reporting MVPA, were twice as likely
to report a high educational level and 3–4 times less
likely to be smokers, than those reporting being physic-
ally inactive.

Relationship between level of PA and cardiovascular
risk factors
There were higher prevalence of elevated risk factors
(body mass index, resting heart rate, waist circumfer-
ence, plasma-glucose, low level of high density lipopro-
tein and serum-triglycerides) among those reporting
inactive behaviour for both sexes (Table 2), i.e. lower
prevalence of risk factors was seen parallel to an
increased self-reported PA level. There were only very
minor differences in LDL-cholesterol between PA
levels. Men and women reporting being inactive
(SGPALS level 1), had, on average, nine centimetres
greater waist-circumference than individuals reporting
MVPA (scoring 3–4 on SGPALS) (Table 1).

Odds ratios for risk factors in relation to the SGPALS
With the most physically active group (MVPA) as refer-
ence, men reporting being inactive (SGPALS 1) were
more likely to be overweight (OR: 2.19, 95% CI: 1.51-
3.19), have a waist circumference ≥94 cm (OR: 3.76, 95
% CI: 2.61-5.43) and have serum-triglycerides ≥1.7
mmol/l (OR 4.5, 95 % CI: 3.08-6.57) Physically inactive
women (SGPALS 1), were more likely to be overweight
(OR: 2.57, 95 % CI: 1.78-3.73), have a waist circumfer-
ence ≥80 cm (OR: 2.91, 95% CI: 1.94-4.35) and have
serum-triglycerides ≥1.7 mmol/l (OR 3.28, 95 % CI:
2.06-5.22). Furthermore, men reporting inactive behav-
iour were markedly more likely to report a high level of
perceived stress (OR: 3.59, 95 % CI: 2.34-5.49). In fact,
odds-ratios for all risk factors were increased in the most
inactive group (SGPALS 1), as described in Table 3.
There were significant differences among the odds

ratios when comparing them taking into account the
model estimated covariance between them and their
standard errors for LPA and inactive groups except for
hypertension among men and stress among women
(data not shown). This analysis show a strong negative
association between BMI, weight, resting heart rate,
waist circumference and serum-triglycerides and the
level of PA for both sexes.

Discussion
The main finding of the present study was that self-
reported physical activity level, according to the
SGPALS, was negatively associated with traditional car-
diovascular risk factors. The most inactive group



Table 3 Age adjusted odds ratios with 95% confidence intervals of physical activity levels for having cardiovascular
risk factors in 1685 men and 1903 women

MVPA OR Men Women

LPA OR (95% CI) Inactive OR (95% CI) LPA OR (95% CI) Inactive OR (95% CI)

Current smoker 1 2.32 (1.59-3.38) 5.24 (3.34-8.20) 1.96 (1.44-2.68) 4.29 (2.82-6.53)

Triglycerides (≥1.7 mmol/l) 1 2.21 (1.68-2.92) 4.50 (3.08-6.57) 1.52 (1.09-2.13) 3.28 (2.06-5.22)

High density lipoprotein a (mmol/l) 1 1.80 (1.15-2.83) 4.38 (2.59-7.40) 1.24 (0.84-1.85) 2.41 (1.41-4.13)

Waist circumference (≥94 cm men,
≥80 cm women)

1 1.97 (1.55-2.49) 3.76 (2.61-5.43) 1.68 (1.34-2.12) 2.91 (1.94-4.35)

High level of stress at home or work 1 1.28 (0.90-1.83) 3.59 (2.34-5.49) 1.38 (1.04-1.83) 1.25 (0.79-1.98)

Resting heart rate (≥70 bpm) 1 2.24 (1.71-2.94) 2.72 (1.88-3.95) 1.68 (1.33-2.12) 1.96 (1.36-2.82)

Overweight (BMI ≥25kg/m2) 1 1.20 (0.96-1.52) 2.19 (1.51-3.19) 1.84 (1.46-2.32) 2.57 (1.78-3.73)

Plasma-glucose (≥6.1 mmol/l) 1 1.73 (1.11-2.70) 2.11 (1.15-3.86) 1.54 (0.74-3.19) 2.45 (0.94-6.42)

Low density lipoprotein (≥3.0 mmol/l) 1 1.25 (0.98-1.60) 1.79 (1.21-2.65) 1.23 (0.96-1.57) 1.79 (1.18-2.72)

Hypertension (≥150/90 mmHg) 1 1.26 (0.92-1.74) 1.22 (0.75-1.99) 1.25 (0.85-1.85) 1.80 (1.03-3.15)

MVPA, moderate-to-vigorous physical activity. LPA, light physical activity. a <1.03 mmol/l, men, <1.29 mmol/l, women. bpm, beats per minute.
BMI, body mass index.
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(scoring 1 out of a possible 4) has an increased preva-
lence (odds-ratio) for having pre-defined abnormal levels
of several cardiovascular risk factors. While an associ-
ation between increasing levels of PA and lower levels of
most traditional cardiovascular risk factors is well
known, our findings may serve as an easy and inexpen-
sive way to identify physically inactive and high risk indi-
viduals. Our study also confirms the validity of the
modernized SGPALS in the setting of an unselected
Swedish population.
While CVD related mortality has, in the last decades,

declined in the Western world, CVD still remains a
major cause of mortality [3]. Today, the health care sys-
tem increasingly uses different risk score methods to
identify cardiovascular risk patients, for example SCORE
as advocated by the European Society of Cardiology [20].
Many existing risk score methods are predictive of fu-
ture cardiovascular events and/or cardiovascular death
[20,21]. However, they do not regularly take into consid-
eration the level of physical activity and/or the maximal
oxygen consumption (Vo2max), which independently pre-
dicts cardiovascular and overall mortality [9]. Indeed,
the true CRF in combination with heart rate recovery
adds significantly to the predictive power of the Fra-
mingham score [9]. Individuals classified by SCORE as
low risk, may become medium risk by having a low CRF
[35]. Therefore, there is a need for complementary infor-
mation regarding the CRF level and/or habitual physical
activity levels, to increase the yield of the risk stratifica-
tion in any given individual [35].
In this study we found that individuals reporting being

physically inactive during leisure-time, defined as scoring
1 out of 4 on the SGPALS, had elevated cardiovascular
risk factors. Physically inactive individuals were four
times more likely to be smokers, three times more likely
to have an increased waist circumference, a high serum-
triglyceride level, and a low serum-HDL level. In
addition, individuals reporting being physically inactive,
were more likely to have an elevated resting heart rate,
having perceived high levels of stress, and elevated
plasma-glucose level, and to be overweight (Table 3).
These findings are in line with earlier studies, showing

a linear relationship between BMI and CRF [36], as well
as the level of PA. It has previously been reported that a
higher level of physical activity is associated with lower
levels of several cardiovascular risk factors [37], while
the lowest levels of PA are being associated with the
highest risk [19]. The present definition of SGPALS 1
includes patients being sedentary as well as those report-
ing a very low leisure-time PA level. This perhaps
explains the strong relationships with a multitude of car-
diovascular risk factors, as both a low level of PA and
sedentary behaviour, independently, are associated with
higher cardiovascular risk [38]. The SGPALS indeed
seems to capture “the worst of the worst” regarding ac-
tivity behaviour.
The results of the present study have clinical implica-

tions, as the modernized SGPALS may be used as an
sole and simple indicator of inactive behaviour (includ-
ing sedentary and very low level of leisure-time PA), and
thus indirectly of cardiovascular risk. The SGPALS has
previously been found to be associated with the CRF
level of the individual [25-27]. Thus, this scale can be a
feasible tool to identify individuals in need of further risk
assessment. Physically inactive men also reported
increased levels of perceived stress. This is important,
since high levels of stress have been related to cardiovas-
cular morbidity, independent of other lifestyle factors
[39], supporting the cardiovascular risk assessment po-
tential of SGPALS.
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Furthermore, the effectiveness in changing longitu-
dinal outcome by using risk score methods has been
reviewed [40], with two studies comparing risk score
assessment with placebo showed no benefit, while an-
other study showed an increased use of lipid lowering
and antihypertensive drugs, and one study did show a
small reduction in systolic BP, using risk assessment.
Present risk score tools have probably affected smok-
ing habits [41], while cholesterol levels have been
mainly changed by food habits [42]. Whether the use
of the SGPALS will affect future health outcome, is of
course beyond the scope of this paper. However, the
use of a reliable tool for assessment of the PA-level is
clinically important, while still underutilized. There-
fore, it is also important that the present study vali-
dates the modernized SGPALS in the setting of a
large Swedish population.
Limitations and strength
This cross sectional study uses self-reported data con-
cerning the physical activity level and other life style
behaviours. Hence there is no objective PA measure-
ment. Furthermore, the study has a response rate of 42
% indicating possible selection bias effect. This has been
investigated for the overall Intergene study, showing that
participants were more likely to have university educa-
tion and high income, be married, and to be women of
Nordic origin [43]. However, this may theoretically have
underestimated the OR for described risk factors. While
the SGPALS captures those individuals being sedentary
and those having a very low level of leisure-time PA, it
gives no information on the actual sitting-time or breaks
in sitting-time. A major strength of the study is the
population size and its composition of both urban and
rural participants from the Region Västra Götaland.
Conclusions
The present study in a large Swedish cohort, shows that
the modernized Saltin-Grimby Physical Activity Level
Scale (SGPALS), identifies individuals reporting being
predominately sedentary or having a very low leisure-
time PA level. Importantly, this physically inactive group
was associated with a multitude of elevated cardiovascu-
lar risk factors. Accordingly, SGPALS may be useful as a
tool in clinical risk assessment, alone or in combination
with other risk score methods in everyday health care,
to identify physically inactive including sedentary
individuals in possible need of PA counselling and fur-
ther risk assessment.
Hence, we suggest that using the SGPALS in risk

assessment, may be suitable as a supportive instrument
for health care providers using physical activity on
prescription as a preventive and treatment method [44],
to improve health care.
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