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ABSTRACT 

Adults with a low physical activity (PA) level are at increased risk for cardiometabolic 

diseases, but little is known on the association between physical inactivity since youth and 

cardiometabolic health in adulthood. We investigated the association of persistent physical 

inactivity from youth to adulthood with adult cardiometabolic risk factors. Data were drawn 
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from the ongoing Cardiovascular Risk in Young Finns Study with seven follow-ups between 

1980-2011 (baseline age 3-18 years, n=1961). Physical activity data from a standardized 

questionnaire was expressed as a PA-index. Using the PA-index, four groups were formed: 

1)persistently physically inactive (n=246), 2)decreasingly active (n=305), 3)increasingly 

active (n=328), and 4)persistently active individuals (n=1082). Adulthood cardiometabolic 

risk indicators included waist circumference, body mass index (BMI), blood pressure, and 

fasting lipids, insulin, and glucose. Clustered cardiometabolic risk was defined using 

established criteria for metabolic syndrome. Persistently physically inactive group was used 

as a reference. Compared to the persistently physically inactive group, those who were 

persistently active had lower risk for adult clustered cardiometabolic risk 

(RR=0.67;CI95%=0.53-0.84; Harmonized criteria), obesity (BMI>30 kg/m
2
, 

RR=0.76;CI95%=0.59-0.98), high waist circumference (RR=0.82;CI95%=0.69-0.98), and 

high triglyceride (RR=0.60;CI95%=0.47-0.75), insulin (RR=0.58;CI95%=0.46-0.74) and 

glucose (RR=0.77;CI95%=0.62-0.96) concentrations as well as low high-density lipoprotein 

cholesterol (HDL-C) concentration (RR=0.78;CI95%=0.66-0.93). Comparable results were 

found when persistently physically inactive individuals were compared with those who 

increased PA. The results remained essentially similar after adjustment for education, diet, 

smoking, and BMI. Persistently physically inactive lifestyle since youth is associated with an 

unfavorable cardiometabolic risk profile in adulthood. Importantly, even minor increase in 

PA lowers the cardiometabolic risk.  

 

Keywords: CARDIOVASCULAR, CVD, CHILDHOOD, INACTIVE LIFESTYLE, 

LONGITUDINAL  

  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



4 
 

INTRODUCTION 

According to the World Health Organization, cardiovascular diseases (CVDs) are the number 

one cause of death globally, representing 31% of all deaths
1
. Physical inactivity is an 

important modifiable risk factor for CVDs, and it is one of the leading risk factors for death 

worldwide with estimates suggesting physical inactivity to be as harmful as obesity and 

tobacco smoking
2
. Overall, it has been estimated that physical inactivity causes 5.2 million 

deaths, and 6-10% of major non-communicable diseases annually worldwide
2
.  In the United 

States, an estimated $117 billion in annual health care costs, and about 10% of premature 

mortality are associated with inadequate physical activity
3
. Despite the increased knowledge 

of the benefits of PA on health, physically inactive lifestyle is common globally – it has been 

suggested that 31% of the world´s population is not meeting the minimum recommendations 

for PA
4
.  

 

A cardiometabolic risk profile is a constellation of metabolically interrelated risk factors; 

abdominal obesity, hypertension, dyslipidemia, hyperglycemia and hyperinsulinemia. 

Notably, adults with clustered cardiometabolic risk factors are at increased risk for type 2 

diabetes and CVDs
5
. We have previously found in a cross-sectional setting that leisure-time 

PA already in childhood is beneficially associated with HDL-C and the ratio of HDL-C to 

total cholesterol, and reduced clustering of risk factors
6
. In line, cross-sectional and 

prospective data from childhood support that leisure-time PA is associated with various 

cardiometabolic risk factors, e.g. BMI, HDL-C and systolic blood pressure
7
. A prior report 

from the here applied longitudinal Cardiovascular Risk in Young Finns Study (YFS) group 

has shown that persistent PA is associated with lower prevalence of metabolic syndrome 

(MetS) in adults during a 9-year follow-up
8
. However, a need for further knowledge remains 
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regarding the longitudinal associations of PA, particularly from the perspective of persistent 

physical inactivity since youth, and adult cardiometabolic health. Moreover, it is not known 

how increase in PA from youth to adulthood is associated with the cardiometabolic risk 

profile as an adult. In line, the American Heart Association emphasizes that among children 

and adolescents the role of PA in the development of adult cardiometabolic risk and disease 

requires more research
9
. Therefore, using the unique 31-year longitudinal data derived from 

the YFS, the aim of this study was to investigate how persistent physical inactivity beginning 

in youth is associated with cardiometabolic risk profile in adulthood. 

 

METHODS 

Study design and individuals 

The applied data were drawn from the ongoing longitudinal YFS, which first cross-sectional 

survey was conducted in 1980 when 3596 children and adolescents aged 3, 6, 9, 12, 15, and 

18 years participated in the baseline study. Since then the cohort has been followed-up for 31 

years in 3-9 year intervals. Altogether 2115 individuals (aged 34-49 years) participated in the 

most recent follow-up study in 2011. At all follow-ups between 1980-2011, the examinations 

have included comprehensive data collection using questionnaires, physical measurements, 

and blood sampling. Detailed description of the study design has been published earlier
10

. 

Previously, no differences have been found in either men or women in the PA levels, total 

cholesterol, LDL-cholesterol (LDL-C), HDL-C, triglycerides, blood pressure, BMI or 

parental education years between those who were lost to follow up and those who remained 

in the study
10

. 
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This study applied the longitudinal PA data collected at the YFS follow-ups from 1980 to 

2011 (participants aged 9-49 years) to assess lifelong physical inactivity. Cardiometabolic 

risk profile in adulthood was assessed primarily by using data from the latest follow-up 

performed in 2011. If these data were not available, data assessed in the prior follow-up in 

2007 were applied. In addition to applying the latest available data on adult cardiometabolic 

risk indicators (anthropometrics, systolic and diastolic blood pressure [SBP/DBP], total 

cholesterol, HDL-C, LDL-C, triglyceride, glucose and insulin concentrations), the latest 

available data on diet, smoking and socio-economic status (SES) were applied. Collectively, 

for these variables we thus primarily used data from the 2011 follow-up. Pregnant women 

were excluded. In total, 1961 individuals (1100 women, 861 men) were included in this 

study. 

 

Physical activity 

Leisure-time PA, expressed as a physical activity index (PA-index), was self-reported with a 

standardized questionnaire
11,12

. Between 1980 and 1989, the questions concerned frequency 

and intensity of PA, participation in sports club training, participation in sport competitions, 

and typical activity during leisure-time (in total 5 questions; a value ranging from 1 to 2 or 3 

assigned to each response option). In 2001, 2007, and 2011 the PA questionnaire consisted of 

questions on frequency and intensity of PA, frequency of vigorous PA, hours spent in 

vigorous PA, average duration of a PA session and participation in organized PA, and the 

PA-index was calculated similarly as in the earlier follow-ups
12

(Table S1 and S2).  

 

Using the PA-index, four PA groups were formed to investigate the association of physical 

inactivity and change in PA from youth to adulthood with adult cardiometabolic risk factors. 

Firstly, individuals who had two or more PA index values from the follow-ups between 1980-
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1989 (age 9-21 years; youth), and also from the follow-ups between 2001-2011 (age 24-50 

years; adulthood) were included. Secondly, the mean of the PA-index during youth and 

adulthood were calculated, and based on these two values, individuals were divided into PA-

index quartiles both in youth and adulthood (total n=1,961). Thirdly, four groups were 

formed based on the quartiles: 1) persistently physically inactive (individuals in the lowest 

quartile both during youth and adulthood, n=246), 2) decreasingly active (individuals in the 

three highest quartiles in youth, but in the lowest quartile in adulthood, n=305), 3) 

increasingly active (individuals in the lowest quartile in youth, but in the three highest 

quartiles in adulthood, n=328), and 4) persistently active (individuals in the three highest 

quartiles both in youth and adulthood, n=1082). The PA-index cut-off point for the lowest 

quartile varied between 8.0 and 8.7. To get a PA-index of 8, an individual e.g. did not 

participate in organized PA, but reported participating in PA once a week, for 20-40 minutes, 

and the activity caused moderate sweating (e.g. 30 minutes of brisk walking). 

Secondarily to gain more detailed knowledge on the association of PA increase compared to 

being persistently physically inactive, we further split the increasingly active group into 

three: minor PA increasers (PA increase from the lowest quartile i.e. lowest 25
th

 percentile in 

youth to 25
th

 to 50
th

 percentile in adulthood, n=142), moderate PA increasers (PA increase 

from the lowest 25
th

 percentile in youth to 50
th

 to 75
th

 percentile in adulthood, n=115), major 

PA increasers (PA increase from the lowest 25
th

 percentile in youth to >75
th

 percentile in 

adulthood, n=71). 

 

Clinical examination 

Weight was measured in light clothing without shoes using a digital scale with an accuracy of 

0.1 kg. Height was measured with a wall-mounted stadiometer to the nearest 0.1 cm. BMI 
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was calculated as weight (kg)/[height (m)]
2
. Obesity was defined as BMI >30 kg/m

2
. Waist 

circumference was measured at midway between iliac crest and the lowest rib at the mid-

axillary line using a non-stretchable, plastic-covered cloth measuring tape with an accuracy 

of 0.1 cm. Blood pressure was measured with a random zero sphygmomanometer. 

 

Laboratory analyses 

Venous blood samples were drawn after a 12 h fast
13

. Standard enzymatic methods were used 

for serum total cholesterol, triglycerides and glucose. HDL-C concentration was measured 

after dextran sulfate precipitation, and LDL-C concentration was calculated using Friedewald 

formula
14

. All the above assays were performed on an AU400 instrument (Olympus, Japan), 

and the same methods were used in 2007 and 2011. Insulin was measured by microparticle 

enzyme immunoassay as previously described
15

. 

 

Clustered risk and high risk cut-off points 

Clustered risk in adulthood was primarily defined using the Harmonized criteria to form 

MetS
16

. The criteria for having MetS include: waist ≥102 cm in men and ≥88 cm in women, 

fasting plasma glucose ≥5.6 mmol/l (≥100 mg/dl) or diabetes treatment, serum triglycerides 

≥1.7 mmol/l (≥150 mg/dl) and HDL-C levels <1.0 mmol/l (<40 mg/dl) in men and <1.3 

mmol/l (<50 mg/dl) in women and blood pressure ≥130/ ≥85 mmHg or treatment for 

hypertension. A diagnosis requires ≥3 of the 5 components. 

Secondarily for sensitivity analysis purposes we also defined MetS using the criteria set by 

the International Diabetes Federation (IDF)
17

, National Cholesterol Education Program Adult 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



9 
 

Treatment Panel III
18

, and European Group for the Study of Insulin
19

 (See these MetS criteria 

in supplemental material). 

To define high-risk, we used the cut-off points applied in the Harmonized MetS criteria for 

waist circumference, plasma glucose, HDL-C, and blood pressure. For risk factors not 

included in the Harmonized MetS criteria, the following cut-off points for high risk were 

applied: BMI>30kg/m
2
, total cholesterol>5.17 mmol/l (200 mg/dl), LDL-C>3.36 mmol/l 

(130 mg/dl), and insulin >80
th

 percentile (in our study 13.05 mU/l). 

 

Diet, smoking and socioeconomic status 

Food consumption data were collected using a 131-item food frequency questionnaire, 

developed and validated by the Finnish National Institute for Health and Welfare
20

. The 

participants were asked to report the daily frequency and serving size of selected foods and 

dishes during the previous 12 months. The daily specific food or food group consumption and 

nutrient intake was calculated using the latest version of the National Food Composition 

Database Fineli
21

. A food-based diet score, originally constructed to describe diet associated 

with lower risk of diabetes
22

, was used as an indicator of a healthy diet (range 0 to 27). 

Higher score indicates a healthier diet, including e.g. low intake of red and processed meats, 

sweets, sugared beverages and fried potatoes, and high intake of whole grains, vegetables, 

fruits, fish and nuts/seeds. 

Data on smoking and SES were collected with self-administered questionnaires
23

. Those 

reporting daily smoking were considered as smokers. SES was determined based on self-

reported years of education
24

. 
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Statistical analyses 

To characterize the PA groups (Table 1), mean values and standard deviations (SD) for 

continuous variables and percentages for categorical variables were calculated, and linear 

regression analysis was applied for the continuous outcome variables while Cochran-Mantel-

Haenszel -method was used for the categorized variables. In the primary analyses for 

continuous cardiometabolic risk factors, ANCOVA (Analyses of covariance) was applied to 

compare the PA groups. The association (risk ratios; RR) between PA group and 

dichotomous cardiometabolic risk factors as well as MetS was assessed using Zou’s modified 

Poisson approach
25

. The adult cardiometabolic risk factor, SES, dietary and smoking data 

were obtained primarily in 2011, or secondarily in 2007. The persistently physically inactive 

group was used as the reference group to which the other groups were compared. The 

analyses were adjusted for age and sex, and additionally for SES (years of education; 

continuous variable), diet, smoking, and BMI. 

Statistical analyses were performed using SAS version 9.4 and statistical significance was 

inferred at a two-tailed p-value<0.05. 

 

RESULTS 

Comparison of background characteristics showed that adulthood SES, being a daily smoker 

and a score indicative of a healthy diet differed between the PA groups (Table 1).  

 

Continuous cardiometabolic risk factors 

Compared to persistently physically inactive individuals, those who were persistently active 

from youth to adulthood had lower waist circumference, and triglyceride, glucose and insulin 

concentrations as well as higher HDL-C concentration in adulthood (Table 2, model 1). 

Similar results were found when individuals who increased PA from youth to adulthood were 
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compared to those who were persistently physically inactive, with the exception of them also 

having lower BMI (Table 2, model 1). Persistently physically inactive individuals and those 

who were decreasingly active between youth and adulthood had a similar cardiometabolic 

risk factor profile in adulthood (Table 2, model 1). 

 

To further study the independent association between persistent physical inactivity since 

youth and adulthood cardiometabolic risk factors, the analyses were additionally adjusted for 

adulthood education (years; indicator of SES), diet, and being a daily smoker. After these 

adjustments, the associations weakened and for waist circumference, the difference between 

persistently physically inactive and persistently active individuals was no longer statistically 

significant (Table 2, model 2). When also adulthood BMI as a potential mediator was 

included in the analyses, the individuals who increased PA or were persistently physically 

inactive had similar triglyceride and insulin concentrations (Table 2, model 3). 

 

Physical activity increase from youth to adulthood – secondary analyses 

To study in more detail the association of PA increase with the continuous adult 

cardiometabolic risk factors, we compared in secondary analyses the persistently physically 

inactive individuals to those who had a minor, moderate or major PA increase from youth to 

adulthood. The analyses revealed e.g. that also a minor increase in PA from youth to 

adulthood associated beneficially with part of the adulthood cardiometabolic risk factors (i.e., 

waist circumference, HDL-cholesterol, triglycerides) compared to being persistently 

physically inactive (Table S3). 

 

High-risk cardiometabolic risk factors 
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When the cardiometabolic risk factors were treated as high-risk, those who were persistently 

or increasingly active between youth and adulthood had a lower risk for obesity (for 

persistently active RR=0.76;CI95%=0.59-0.98), high waist circumference 

(RR=0.82;CI95%=0.69-0.98), and high triglyceride (RR=0.60;CI95%=0.47-0.75) and insulin 

(RR=0.58;CI95%=0.46-0.74) concentrations, as well as low HDL-C concentration 

(RR=0.78;CI95%=0.66-0.93) in adulthood compared with persistently physically inactive 

individuals (Table 3, model 1). In addition, persistently active individuals had a lower risk for 

high glucose concentration compared to the persistently physically inactive peers 

(RR=0.77;CI95%=0.62-0.96) (Table 3, model 1). No difference was found when the 

persistently physically inactive group was compared with the decreasingly active individuals 

except for higher risk for high blood pressure among those who were decreasingly active 

from youth to adulthood (Table 3, model 1).  

 

When the analyses were further adjusted for SES, diet, and being a daily smoker in 

adulthood, the persistently physically inactive group continued to have an increased risk for 

high triglyceride and insulin concentrations when compared to the persistently active 

individuals while the risk for obesity, high waist circumference, low HDL-cholesterol, and 

high glucose concentration became similar between the groups (Table 3, model 2). Also the 

increased risk for high triglycerides in the persistently inactive individuals compared to those 

who were increasingly active was non-significant after the adjustments. After further addition 

of BMI to the analyses, the persistently inactive individuals continued to have an increased 

risk of having high triglyceride concentration compared to the persistently active peers while 

the risk for high insulin concentration became similar (Table 3, model 3). The risk for low 

HDL-cholesterol and high insulin concentrations was also similar between the persistently 

and increasingly active individuals after adding BMI to the analyses. 
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Physical activity increase from youth to adulthood – secondary analyses 

When the high-risk cardiometabolic risk factors were applied, the risk for obesity and low 

HDL-C concentration decreased in a step-wise manner as PA increased in comparison to 

individuals who were physically inactive from youth to adulthood. A minor increase in PA 

was associated only with lower risk for high insulin concentration in adulthood compared to 

being persistently physically inactive (Table S4).  

 

Clustered cardiometabolic risk 

We also compared the PA groups according to clustered risk defined by MetS (Table 4). 

Compared to persistently physically inactive individuals, those who were persistently active 

and those who were increasingly active had a lower risk for MetS in adulthood, regardless of 

the definition (Table 4, model 1; for Harmonized criteria, persistently active 

RR=0.67;CI95%=0.53-0.84). To further study the association between physical inactivity 

from youth to adulthood and adult MetS, the analyses were additionally adjusted for SES, 

diet and smoking (Table 4, model 2). After the adjustments, the results remained unchanged 

with the exception that the persistently inactive individuals and those who increased physical 

activity had a similar risk for MetS defined according to the IDF. Persistently physically 

inactive individuals and those who were decreasingly active between youth and adulthood 

had similar risk for MetS in adulthood. 

 

Supplemental Table 5 provides data on the absolute values and prevalence of the 

cardiometabolic risk indicators according to PA group. 

 

DISCUSSION  
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Our longitudinal data show that persistently physically inactive lifestyle since youth is 

associated with unfavorable cardiometabolic risk profile in adulthood. In general, individuals 

who were decreasingly active from youth to adulthood had a similar cardiometabolic risk 

profile compared to those who were persistently physically inactive, suggesting that the 

health benefits of youth PA are not preserved if the physically active lifestyle is not sustained 

into adulthood. From a clinical relevance point of view, the detrimental link between 

persistent physical inactivity and clustered cardiometabolic risk is particularly notable due to 

the related subsequent increased disease risk. These 31-year follow-up data since youth 

importantly add a novel insight to the previous data on role of physical inactivity on 

cardiometabolic risk factors and prevention of CVDs. 

 

Data from the YFS have previously shown in a six-year follow-up that persistently inactive 

children and young adults have an unfavorable coronary risk factor profile compared to those 

persistently active
26

. We have also reported that maintaining PA from youth to adulthood 

may have an important role in reducing the risk of obesity in adulthood
27

. In addition to 

cardiometabolic risk factors, we have shown that leisure-time PA in adolescence and young 

adulthood is favorably associated with carotid artery elasticity later in life
28

. From the 

perspective of physically inactive lifestyle, we recently reported that persistent physical 

inactivity beginning from youth is associated with impaired glucose metabolism in 

adulthood
29

. The present study elaborates prior findings from the YFS by applying a follow-

up of 31 years and focusing on the perspective of persistent physical inactivity, and by 

reporting that the detrimental association between persistent physical inactivity since early 

life is broader and extends to a wider cardiometabolic risk profile. In addition to the 

continuous and high-risk cardiometabolic risk factors, we showed the detrimental association 

of physical inactivity since youth and adult clustered cardiometabolic risk defined as MetS. In 
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line, prior data link PA level with risk of having MetS
8,30

. The results showing the wide 

detrimental associations of physical inactivity from youth to adulthood with cardiometabolic 

risk factors, and particularly their clustering, in adulthood also highlight the clinical relevance 

of avoiding this behavior. Collectively, these data suggest that maintaining PA from youth 

may benefit future cardiometabolic health.  

 

We have previously shown that increased PA between youth and adulthood lowers the risk of 

adult impaired glucose metabolism,
29

 and that even a moderate increase from being 

physically inactive is related to decreased progression of aortic intima-media thickness in 

adolescence
31

. In this study, the evident benefits of increasing PA are reflected on several 

markers of cardiometabolic health. Of individual risk factors, increase in PA was associated 

with e.g. 3.9 cm smaller waist circumference and 1.3 kg/m
2
 lower BMI in adulthood 

compared to being persistently physically inactive. In line, prior study among sedentary 

healthy men showed that endurance training improved glucose metabolism and body 

composition
32

. Further, in sedentary patients with type 2 diabetes and MetS, exercise 

intervention was effective in improving cardiovascular risk profile
33

. A large prospective 

study of adults (>300.000 participants) found that increasing leisure-time PA after being 

inactive in adolescence reduced the risk for all-cause and cause-specific mortality
34

. Taken 

together, our study and the previously reported longitudinal data indicate that an increase in 

PA is beneficially associated with cardiometabolic risk profile. 

 

The underlying biological mechanisms between physical inactivity and cardiometabolic risk 

profile remain poorly understood. However, various mechanistic pathways likely interact 

with each other
35

. The beneficial effects of PA on CVD risk are likely mediated by favorable 

effects on several risk factors, as judged by independent relations to markers of lipoprotein 
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metabolism, glucose metabolism, and inflammation
36

. It has also been suggested that genetic 

pleiotropy partly explains the observed associations between PA and morbidity
37

. A recent 

review suggests that a part of the protective effect of PA on CVD is due to conventional risk 

factors, e.g. abnormal serum cholesterol concentration, but still half of the protection afforded 

by PA remains unexplained
35

. Physical inactivity also engages signals for specific molecular 

responses contributing to poor lipid metabolism by suppression of skeletal muscle lipoprotein 

lipase activity
38

. Further, physical inactivity is an important contributor to insulin resistance
39

 

and PA increases skeletal muscle glucose uptake even independently of insulin
40

. In this 

study, the long-term PA habits were associated with diet, smoking behavior and SES, and the 

adjustments for these factors somewhat diluted the associations of physical inactivity with 

cardiometabolic risk profile, lending support to that these factors were possibly partly 

underlying the observed associations. In summary, several mechanistic pathways likely 

underlie the association between physical inactivity and cardiometabolic risk profile.  

 

Strengths and limitations. A limitation of the study is that PA was measured using 

questionnaires. Apart from providing subjective data, the applied two questionnaires were 

non-identical, and unable to detect all dimensions or total volume of overall PA. For 

example, PA during school and/or working hours may have led to underestimation of total 

PA. In general, questionnaires are not the golden standard to measure PA, and current studies 

typically use accelerometres to collect more objective PA data. However, the standardized 

questionnaires enabled a unique 31-year follow-up of PA from youth to adulthood.  We also 

acknowledge that the use of percentile based cut-off points to define the PA groups is 

arbitrary and due to the applied PA assessment method, it does not allow direct comparison to 

PA recommendations. The study used questionnaires also to assess diet and smoking, a 

simplistic variable was used to describe smoking habits, and we cannot rule out the 
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possibility of residual confounding or cardiometabolic health status affecting PA (reverse 

causation). Furthermore, the study included multiple statistical tests, which may lead to 

random findings. The YFS is an in depth characterized cohort; the participants have been 

closely followed with well-established methods since youth to adulthood. An additional 

strength is also the use of national registry data on medication. 

 

Conclusion. A sustained physically inactive lifestyle, or becoming physically inactive, from 

youth to adulthood is associated with an unfavorable adult cardiometabolic risk profile. 

Importantly, those who increased their PA during the 31-year follow-up had a reduced risk 

for the cardiometabolic risk factors. These results highlight the importance of not leading a 

physically inactive lifestyle at all stages of life. 

The following are the supplementary data related to this article. 

Supplement Table 1. The assessment of physical activity and creation of the physical activity index 

(PAI) in 1980-1989. 

Supplement Table 2. The assessment of physical activity and creation of the physical activity index 

(PAI) in 1992-2011. 

Supplement table 3 – Age, sex, education, diet and smoking adjusted mean differences in 

cardiometabolic risk factors for the physical activity increase groups when the persistently physically 

inactive group is the reference. For variables with skewed distribution, i.e. triglycerides, glucose and 

insulin, logarithmically transformed values were used in the analyses, and reported here. In addition, 

adjusted mean differences in absolute values for these variables are shown in parenthesis.  

Supplement table 4 – Risk ratios (RR) for high-risk cardiometabolic risk factors for the physical 

activity increase groups when the persistently physically inactive group is the reference (age, sex, 

education, smoking and diet adjusted). Criteria for the definitions of high-risk are shown in the 

footnote.  

Supplement table 5 - Characteristics of the cardiometabolic risk factors in adulthood (age 30 – 49 

years) according to the physical activity group. Adult values are mean/median (SD/quartile range) or 

prevalence (%). 

Supplementary material 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



18 
 

 

ACKNOWLEDGMENTS 

The authors thank Noora Kartiosuo and Irina Lisinen from the Research Centre of Applied 

and Preventive Cardiovascular Medicine, University of Turku, for statistical advice with 

these data. 

Funding. The Cardiovascular Risk in Young Finns Study was financially supported by the 

Academy of Finland (grants 286284 [to T.L.]; 134309 [Eye]; 126925, 121584, 124282, and 

129378 [Salve]; 117787 [Gendi]; 41071 [Skidi]; 275595, 233112 [to K.P.]); Social Insurance 

Institution of Finland; Kuopio, Tampere, and Turku University Hospital Medical Funds 

(grant X51001 to T.L.); Juho Vainio Foundation; Paavo Nurmi Foundation; Finnish 

Foundation of Cardiovascular Research; Finnish Cultural Foundation; Sigrid Juselius 

Foundation; Tampere Tuberculosis Foundation; Emil Aaltonen Foundation; and Yrjö 

Jahnsson Foundation. This work was also partly funded by the National Heart Foundation of 

Australia Future Leader Fellowship (grant 100849 to C.G.M.) and the National Health and 

Medical Research Council Project (grant APP1098369). 

 

Authors' contributions. P.K. researched data and wrote the manuscript. K.P. and O.H. 

contributed to the study concept, design, critical revision of the manuscript for important 

intellectual content and edited the manuscript. T.T., K.P., M.H., B-M.L. and C.G.M. 

contributed to the study design and critical revision of the manuscript for important 

intellectual content. M.J. contributed to the design of the Cardiovascular Risk in Young Finns 

Study and critical revision of the manuscript for important intellectual content. S.R., H.H., 

T.L., E.J., P.T. and N.H.-K. contributed to the critical revision of the manuscript for 

important intellectual content. J.V. contributed to obtaining funding, the design of the 

Cardiovascular Risk in Young Finns Study and the critical revision of the manuscript for 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



19 
 

important intellectual content. O.T.R. coordinates and contributed to the design of the 

Cardiovascular Risk in Young Finns Study, to obtaining funding, editing of the manuscript 

and to the critical revision of the manuscript for important intellectual content  

P.K. is the guarantor of this work and, as such, had full access to all the data in the study and 

takes responsibility for the integrity of the data and the accuracy of the data analysis. 

 

The authors made every attempt to present the results of the study clearly, honestly, and 

without fabrication, falsification, or inappropriate data manipulation.  

Authors' contributions 

P.K. researched data and wrote the manuscript. K.P. and O.H. contributed to the study 

concept, design, critical revision of the manuscript for important intellectual content and 

edited the manuscript. T.T., K.P., M.H., B-M.L. and C.G.M. contributed to the study design 

and critical revision of the manuscript for important intellectual content. M.J. contributed to 

the design of the Cardiovascular Risk in Young Finns Study and critical revision of the 

manuscript for important intellectual content. S.R., H.H., T.L., E.J., P.T. and N.H.-K. 

contributed to the critical revision of the manuscript for important intellectual content. J.V. 

contributed to obtaining funding, the design of the Cardiovascular Risk in Young Finns Study 

and the critical revision of the manuscript for important intellectual content. O.T.R. 

coordinates and contributed to the design of the Cardiovascular Risk in Young Finns Study, 

to obtaining funding, editing of the manuscript and to the critical revision of the manuscript 

for important intellectual content  

P.K. is the guarantor of this work and, as such, had full access to all the data in the study and 

takes responsibility for the integrity of the data and the accuracy of the data analysis. 

 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



20 
 

The authors made every attempt to present the results of the study clearly, honestly, and 

without fabrication, falsification, or inappropriate data manipulation. 

 

REFERENCES 

1.  World Health Organization. Cardiovascular diseases (CVDs). 

http://www.who.int/cardiovascular_diseases/en/. Published 2018. Accessed November 

21, 2019. 

2.  Lee IM, Shiroma EJ, Lobelo F, et al. Effect of physical inactivity on major non-

communicable diseases worldwide: An analysis of burden of disease and life 

expectancy. Lancet. 2012;380(9838):219-229. doi:10.1016/S0140-6736(12)61031-9 

3.  Piercy KL, Troiano RP, Ballard RM, et al. The physical activity guidelines for 

Americans. JAMA - J Am Med Assoc. 2018;320(19):2020-2028. 

doi:10.1001/jama.2018.14854 

4.  Kohl HW, Craig CL, Lambert EV, et al. The pandemic of physical inactivity: Global 

action for public health. Lancet. 2012;380(9838):294-305. doi:10.1016/S0140-

6736(12)60898-8 

5.  Wilson PWF. Metabolic Syndrome as a Precursor of Cardiovascular Disease and Type 

2 Diabetes Mellitus. Circulation. 2005;112(20):3066-3072. 

doi:10.1161/CIRCULATIONAHA.105.539528 

6.  Pahkala K, Heinonen OJ, Lagström H, et al. Clustered metabolic risk and leisure-time 

physical activity in adolescents: Effect of dose? Br J Sports Med. 2012;46(2):131-137. 

doi:10.1136/bjsm.2010.073239 

7.  Ekelund U. Moderate to Vigorous Physical Activity and Sedentary Time and 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



21 
 

Cardiometabolic Risk Factors in Children and Adolescents. JAMA. 2012;307(7):704. 

doi:10.1001/jama.2012.156 

8.  Yang X, Telama R, Hirvensalo M, et al. The longitudinal effects of physical activity 

history on metabolic syndrome. Med Sci Sports Exerc. 2008;40(8):1424-1431. 

doi:10.1249/MSS.0b013e318172ced4 

9.  Steinberger J, Daniels SR, Eckel RH, et al. Progress and Challenges in Metabolic 

Syndrome in Children and Adolescents: A Scientific Statement From the American 

Heart Association Atherosclerosis, Hypertension, and Obesity in the Young 

Committee of the Council on Cardiovascular Disease in the Young; Circulation. 

2009;119(4):628-647. doi:10.1161/CIRCULATIONAHA.108.191394 

10.  Raitakari OT, Juonala M, Rönnemaa T, et al. Cohort profile: The cardiovascular risk in 

young Finns study. Int J Epidemiol. 2008;37(6):1220-1226. doi:10.1093/ije/dym225 

11.  Telama R, Yang X, Viikari J, Välimäki I, Wanne O, Raitakari O. Physical activity 

from childhood to adulthood: a 21-year tracking study. Am J Prev Med. 

2005;28(3):267-273. doi:10.1016/j.amepre.2004.12.003 

12.  Telama R, Yang X, Leskinen E, et al. Tracking of physical activity from early 

childhood through youth into adulthood. Med Sci Sports Exerc. 2014;46(5):955-962. 

doi:10.1249/MSS.0000000000000181 

13.  Nuotio J, Oikonen M, Magnussen CG, et al. Cardiovascular risk factors in 2011 and 

secular trends since 2007: The Cardiovascular Risk in Young Finns Study. Scand J 

Public Health. 2014;42(7):563-571. doi:10.1177/1403494814541597 

14.  Friedewald W, Levy I, Fredrickson D. Estimation of the Concentration of Low-

Density Lipoprotein cholesterol in Plasma, Without Use of the Preparative 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



22 
 

Ultracentrifuge. Clin Chem. 1972;18(6):499-502. doi:10.1088/1751-8113/44/8/085201 

15.  Sabin MA, Magnussen CG, Juonala M, et al. Insulin and BMI as predictors of adult 

type 2 diabetes mellitus. Pediatrics. 2015;135(1):e144-51. doi:10.1542/peds.2014-

1534 

16.  Alberti KGMM, Eckel RH, Grundy SM, et al. Harmonizing the Metabolic Syndrome. 

Circulation. 2009;120(16):1640-1645. doi:10.1161/CIRCULATIONAHA.109.192644 

17.  Alberti KGMM, Zimmet P, Shaw J. Metabolic syndrome - A new world-wide 

definition. A consensus statement from the International Diabetes Federation. Diabet 

Med. 2006;23(5):469-480. doi:10.1111/j.1464-5491.2006.01858.x 

18.  Cleeman JI. Executive summary of the third report of the National Cholesterol 

Education Program (NCEP) expert panel on detection, evaluation, and treatment of 

high blood cholesterol in adults (adult treatment panel III). J Am Med Assoc. 

2001;285(19):2486-2497. doi:10.1001/jama.285.19.2486 

19.  Balkau B, Drivsholm T, Borch-Johnsen K, et al. Frequency of the who metabolic 

syndrome in European cohorts, and an alternative definition of an insulin resistance 

syndrome. Diabetes Metab. 2002;28(5):364-376. 

https://pubmed.ncbi.nlm.nih.gov/12461473/. Accessed September 21, 2020. 

20.  Paalanen L, Männistö S, Virtanen MJ, et al. Validity of a food frequency questionnaire 

varied by age and body mass index. J Clin Epidemiol. 2006;59(9):994-1001. 

doi:10.1016/j.jclinepi.2006.01.002 

21.  Finnish Food composition Database. 7. 2007. Helsinki, Finland: The National Public 

Health Institute NU. Fineli. 2007. 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



23 
 

22.  Nettleton JA, Hivert MF, Lemaitre RN, et al. Meta-analysis investigating associations 

between healthy diet and fasting glucose and insulin levels and modification by loci 

associated with glucose homeostasis in data from 15 cohorts. Am J Epidemiol. 

2013;177(2):103-115. doi:10.1093/aje/kws297 

23.  Puolakka E, Pahkala K, Laitinen TT, et al. Childhood socioeconomic status and 

lifetime health behaviors: The Young Finns Study. Int J Cardiol. 2018;258:289-294. 

doi:10.1016/j.ijcard.2018.01.088 

24.  Lahelma E, Martikainen P, Laaksonen M, Aittomäki A. Pathways between 

socioeconomic determinants of health. J Epidemiol Community Health. 

2004;58(4):327-332. doi:10.1136/jech.2003.011148 

25.  Zou G. A Modified Poisson Regression Approach to Prospective Studies with Binary 

Data. Am J Epidemiol. 2004;159(7):702-706. doi:10.1093/aje/kwh090 

26.  Raitakari OT, Porkka K V, Taimela S, Telama R, Räsänen L, Viikari JS. Effects of 

persistent physical activity and inactivity on coronary risk factors in children and 

young adults. The Cardiovascular Risk in Young Finns Study. Am J Epidemiol. 

1994;140(3):195-205. http://www.ncbi.nlm.nih.gov/pubmed/8030623. Accessed 

November 20, 2018. 

27.  Yang X, Telama R, Leskinen E, Mansikkaniemi K, Viikari J, Raitakari OT. Testing a 

model of physical activity and obesity tracking from youth to adulthood: the 

cardiovascular risk in young Finns study. Int J Obes. 2007;31(3):521-527. 

doi:10.1038/sj.ijo.0803459 

28.  Pälve KS, Pahkala K, Magnussen CG, et al. Association of physical activity in 

childhood and early adulthood with carotid artery elasticity 21 years later: the 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



24 
 

cardiovascular risk in Young Finns Study. J Am Heart Assoc. 2014;3(2):e000594. 

doi:10.1161/JAHA.113.000594 

29.  Kallio P, Pahkala K, Heinonen OJ, et al. Physical Inactivity from Youth to Adulthood 

and Risk of Impaired Glucose Metabolism. Med Sci Sports Exerc. 2018;50(6):1192-

1198. doi:10.1249/MSS.0000000000001555 

30.  U.S. Department of Health and Human Services. 2018 Physical Activity Guidelines for 

Americans.; 2018. doi:10.1161/CIRCOUTCOMES.118.005263 

31.  Pahkala K, Heinonen OJ, Simell O, et al. Association of Physical Activity With 

Vascular Endothelial Function and Intima-Media Thickness. Circulation. 

2011;124(18):1956-1963. doi:10.1161/CIRCULATIONAHA.111.043851 

32.  Nordby P, Auerbach PL, Rosenkilde M, et al. Endurance Training Per Se Increases 

Metabolic Health in Young, Moderately Overweight Men. Obesity. 2012;20(11):2202-

2212. doi:10.1038/oby.2012.70 

33.  Balducci S, Zanuso S, Nicolucci A, et al. Effect of an Intensive Exercise Intervention 

Strategy on Modifiable Cardiovascular Risk Factors in Subjects With Type 2 Diabetes 

Mellitus&lt;subtitle&gt;A Randomized Controlled Trial: The Italian Diabetes and 

Exercise Study (IDES)&lt;/subtitle&gt;&lt;alt-. Arch Intern Med. 2010;170(20):1794. 

doi:10.1001/archinternmed.2010.380 

34.  Saint-Maurice PF, Coughlan D, Kelly SP, et al. Association of Leisure-Time Physical 

Activity Across the Adult Life Course With All-Cause and Cause-Specific Mortality. 

JAMA Netw Open. 2019;2(3):e190355. doi:10.1001/jamanetworkopen.2019.0355 

35.  Neufer PD, Bamman MM, Muoio DM, et al. Understanding the Cellular and 

Molecular Mechanisms of Physical Activity-Induced Health Benefits. Cell Metab. 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



25 
 

2015;22(1):4-11. doi:10.1016/J.CMET.2015.05.011 

36.  Mansikkaniemi K, Juonala M, Taimela S, et al. Cross-sectional associations between 

physical activity and selected coronary heart disease risk factors in young adults. The 

Cardiovascular Risk in Young Finns Study. Ann Med. 2012;44(7):733-744. 

doi:10.3109/07853890.2011.590146 

37.  Karvinen S, Waller K, Silvennoinen M, et al. Physical activity in adulthood: genes and 

mortality. Sci Rep. 2015;5:18259. doi:10.1038/srep18259 

38.  Hamilton MT, Hamilton DG, Zderic TW. Role of low energy expenditure and sitting 

in obesity, metabolic syndrome, type 2 diabetes, and cardiovascular disease. Diabetes. 

2007;56(November):2655-2667. doi:10.2337/db07-0882.CVD 

39.  Krogh-Madsen R, Thyfault JP, Broholm C, et al. A 2-wk reduction of ambulatory 

activity attenuates peripheral insulin sensitivity. J Appl Physiol. 2010;108(5):1034-

1040. doi:00977.2009 [pii]\r10.1152/japplphysiol.00977.2009 

40.  Shepherd PR, Kahn BB. Glucose Transporters and Insulin Action — Implications for 

Insulin Resistance and Diabetes Mellitus. N Engl J Med. 1999;341:248-257. 

 

Table 1 - Characteristics of the study participants in adulthood (age 30 – 49 years) according 

to physical activity group. The latest available data obtained primarily in 2011, or secondarily 

in 2007 are applied. The values are mean (SD) or prevalence, %. 

 
PERSISTENTLY 

PHYSICALLY 

INACTIVE 

(N=246) 

DECREASINGLY 

ACTIVE 

(N=305) 

INCREASINGLY 

ACTIVE 

(N=328) 

PERSISTENTLY 

ACTIVE 

(N=1082) 

P-

VALUE 

AGE (YEARS) 41.7 (5.1) 41.2 (5.2) 40.7 (5.2) 41.4 (5.1) 0.089 

SEX (% MALES) 44.7 45.6 40.0 44.4 0.45 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



26 
 

EDUCATION (YEARS) 14.8 (3.5) 14.8 (3.5) 15.6 (3.5) 15.8 (3.6) <0.0001 

DAILY SMOKER (%) 28.5 23.0 12.8 10.3 <0.0001 

DIETSCORE (RANGE 0–

27)a 12.0 (4.2) 12.5 (4.0) 14.2 (4.2) 14.0 (4.1) <0.0001 

 

a
Higher dietscore indicates healthier diet 

 

Table 2 – Persistent physical inactivity and continuous cardiometabolic risk factors 

The table reports adjusted mean differences in cardiometabolic risk factors between the physical 

activity groups when the persistently physically inactive group is the reference. For variables with 

skewed distribution, i.e. triglycerides, glucose and insulin, logarithmically transformed values were 

used in the analyses, and reported here. In addition, adjusted mean differences in absolute values for 

these variables are shown. 

 
PERSISTENTLY 
PHYSICALLY 
INACTIVE 

 
DECREASINGLY 
ACTIVE 

INCREASINGLY 
ACTIVE 

PERSISTENTLY 
ACTIVE 

  Model 
mean diff 
95% CI 

mean diff 
95% CI 

mean diff 
95% CI 

BMI (kg/m
2
) 

(n=1931) 
26.9 1 

0.18 
-0.77-1.14 

-1.29 
-2.24 - -0.35 

-0.67 
-1.45-0.12 

 26.8 2 
0.28 
-0.71-1.27 

-1.15 
-2.15 - -0.16 

-0.55 
-1.38-0.28 

  3 NA NA NA 

WAIST (cm) 
(n=1932) 

93.0 1 
0.01 
-2.52-2.54 

-3.90 
-6.40- -1.40 

-2.52 
-4.60- -0.43 

 92.4 2 
0.21 
-2.41-2.83 

-3.39 
-6.01 - -0.77 

-2.00 
-4.20-0.20 

  3 NA NA NA 

SBP (mmHg) 
(n=1932) 

118.6 1 
1.82 
-0.91-4.55 

0.94 
-1.76-3.63 

0.36 
-1.88-2.61 

 118.3 2 
1.56 
-1.21-4.33 

0.96 
-1.81-3.73 

0.60 
-1.73-2.93 

 118.0 3 
1.37 
-1.32-4.05 

1.76 
-0.93-4.46 

0.98 
-1.27-3.24 

DBP (mmHg) 
(n=1932) 

75.2 1 
0.42 
-1.64-2.48 

0.09 
-1.95-2.12 

-0.29 
-1.99-1.40 

 75.0 2 
0.46 
-1.62-2.54 

0.05 
-2.03-2.13 

-0.26 
-2.00-1.49 

 74.7 3 
0.28 
-1.69-2.25 

0.82 
-1.16-2.79 

-0.10 
-1.55-1.76 

Total cholesterol 
(mmol/l) (n=1928) 

5.20 1 
0.09 
-0.09-0.28 

-0.07 
-0.25-0.11 

-0.12 
-0.27-0.03 

 5.17 2 
0.10 
-0.08-0.29 

-0.06 
-0.24-0.13 

-0.09 
-0.25-0.06 

 5.16 3 
0.10 
-0.09-0.28 

-0.03 
-0.22-0.16 

-0.08 
-0.24-0.07 

LDL cholesterol 3.29 1 0.06 -0.09 -0.10 
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(mmol/l) (n=1910) -0.10-0.22 -0.24-0.07 -0.23-0.04 

 3.26 2 
0.07 
-0.09-0.24 

-0.08 
-0.24-0.09 

-0.08 
-0.22-0.06 

 3.25 3 
0.07 
-0.10-0.23 

-0.05 
-0.22-0.11 

-0.06 
-0.20-0.07 

HDL cholesterol 
(mmol/l) (n=1926) 

1.26 1 
0.05 
-0.01-0.11 

0.11 
0.05-0.17 

0.08 
0.03-0.13 

 1.27 2 
0.04 
-0.03-0.10 

0.10 
0.04-0.17 

0.06 
0.01-0.12 

 1.28 3 
0.04 
-0.01-0.10 

0.08 
0.02-0.14 

0.05 
-0.0005-0.10 

Triglycerides
 

(mmol/l) (n=1928) 
Logarithmically 
transformed 
values 

0.24 1 
-0.005 
-0.10 – 0.09 

-0.14 
-0.24 - -0.04 

-0.16 
-0.24 - -0.08 

0.21 2 
0.003 
-0.10 – 0.10 

-0.12 
-0.23 - -0.02 

-0.13 
-0.21 - -0.04 

 0.19 3 
-0.009 
-0.10 – 0.08 

-0.08 
-0.17 – 0.02 

-0.10 
-0.18 - -0.03 

Triglycerides
 

(mmol/l) (n=1928) 
Absolute values 

1.48 1 0.04 -0.22 -0.20 

1.43 2 0.07 -0.19 -0.15 

 1.41 3 0.05 -0.12 -0.11 

Glucose (mmol/l) 
(n=1928) 
Logarithmically 
transformed 
values 

1.69 1 
-0.006 
-0.03 – 0.02 

-0.03 
-0.05 - -0.009 

-0.02 
-0.04 - -0.006 

1.69 2 
-0.01 
-0.03 – 0.01 

-0.03 
-0.05 - -0.009 

-0.02 
-0.04 - -0.003 

 1.68 3 
-0.01 
-0.03 – 0.008 

-0.02 
-0.04 - -0.002 

-0.02 
-0.04 - -0.0002 

Glucose (mmol/l) 
(n=1928) 
Absolute values 

5.49 1 -0.06 -0.21 -0.18 

5.48 2 -0.09 -0.22 -0.18 

 5.47 3 -0.11 -0.18 -0.15 

Insulin (mU/l) 
(n=1927) 
Logarithmically 
transformed 
values 

2.11 1 
-0.01 
-0.17 – 0.15 

-0.26 
-0.42 - -0.11 

-0.23 
-0.36 - -0.10 

2.09 2 
-0.001 
-0.16 – 0.15 

-0.21 
-0.38 - -0.06 

-0.21 
-0.34 - -0.08 

 2.05 3 
-0.03 
-0.16 – 0.10 

-0.12 
-0.25 – 0.01 

-0.16 
-0.27 - -0.05 

Insulin (mU/l) 
(n=1927) 
Absolute values 

11.4 1 -0.53 -2.98 -2.69 

11.4 2 -0.63 -3.05 -2.71 

 10.9 3 -0.91 -1.94 -2.17 

 

Model 1: Age, sex adjusted mean differences in cardiometabolic risk factors between the physical activity 

groups. Persistently physically inactive group is the reference. 

Model 2: Age, sex, education, diet and smoking adjusted mean differences in cardiometabolic risk factors 

between the physical activity groups. Persistently physically inactive group is the reference. 

Model 3: Age, sex, education, diet, smoking, and body mass index adjusted mean differences in cardiometabolic 

risk factors between the physical activity groups. Persistently physically inactive group is the reference. 
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BMI, Body Mass Index; DBP, Diastolic Blood Pressure; HDL High-Density Lipoprotein; LDL, Low-Density 

Lipoprotein; Mean diff, Mean Difference; SBP, Systolic Blood Pressure; Waist, Waist Circumference; NA, not 

applicable. 

 

Table 3 – Persistent physical inactivity and high risk cardiometabolic risk factors 

The table reports risk ratios (RR) for high-risk cardiometabolic risk factors between the physical 

activity groups. Persistently physically inactive group is the reference. Criteria for the definitions of 

high-risk are shown in the footnote. 

  
PERSISTENTLY 
PHYSICALLY 
INACTIVE 

DECREASINGLY 
ACTIVE 

INCREASINGLY 
ACTIVE 

PERSISTENTLY 
ACTIVE 

 Model RR 
RR 
95% CI 

RR 
95% CI 

RR 
95% CI 

OBESITY 
(n=1931) 

1 1 
1.14 
0.86 – 1.51 

0.49 
0.34 – 0.71 

0.76 
0.59 – 0.98 

 2 1 
1.18 
0.87 – 1.59 

0.53 
0.36 – 0.79 

0.79 
0.60 – 1.04 

   NA NA NA 

HIGH WAIST 
(n=1932) 

1 1 
1.05 
0.86 – 1.29 

0.75 
0.60 – 0.94 

0.82 
0.69 – 0.98 

 2 1 
1.05 
0.85 – 1.29 

0.75 
0.59 – 0.95 

0.84 
0.69 – 1.01 

   NA NA NA 

HIGH BLOOD 
PRESSURE 
(n=1931) 

1 1 
1.40 
1.10 – 1.78 

1.13 
0.88 – 1.46 

1.06 
0.86 – 1.31 

 2 1 
1.40 
1.09 – 1.78 

1.07 
0.82 – 1.40 

1.06 
0.84 – 1.33 

 3 1 
1.38 
1.09 – 1.74 

1.18 
0.91 – 1.53 

1.11 
0.90 – 1.38 

HIGHT TOTAL 
CHOLESTEROL 
(n=1928) 

1 1 
1.21 
0.80 – 1.82 

0.81 
0.52 – 1.28 

0.82 
0.57 – 1.16 

 2 1 
1.31 
0.85 – 2.04 

0.88 
0.53 – 1.46 

0.91 
0.61 – 1.35 

 3 1 
1.29 
0.83 – 2.00 

0.90 
0.54 – 1.49 

0.91 
0.62 – 1.35 

HIGH LDL 
CHOLESTEROL 
(n=1910) 

1 1 
1.16 
0.79 – 1.71 

0.98 
0.65 – 1.46 

0.83 
0.60 – 1.17 

 2 1 
1.26 
0.84 – 1.90 

1.06 
0.68 – 1.65 

0.92 
0.63 – 1.33 

 3 1 
1.23 
0.81 – 1.85 

1.10 
0.71 – 1.70 

0.92 
0.64 – 1.33 

LOW HDL 
CHOLESTEROL 
(n=1904) 

1 1 
0.84 
0.68 – 1.04 

0.67 
0.53 – 0.85 

0.78 
0.66 – 0.93 

 2 1 
0.89 
0.71 – 1.12 

0.72 
0.56 – 0.92 

0.86 
0.71 – 1.04 

 3 1 
0.90 
0.72 – 1.13 

0.82 
0.64 – 1.04 

0.93 
0.77 – 1.12 
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HIGH 
TRIGLYCERIDES

 

(n=1928) 
1 1 

0.88 
0.68 – 1.15 

0.69 
0.51 – 0.93 

0.60 
0.47 – 0.75 

 2 1 
0.88 
0.67 – 1.17 

0.73 
0.53 – 1.01 

0.64 
0.50 – 0.82 

 3 1 
0.86 
0.65 – 1.13 

0.82 
0.60 – 1.11 

0.67 
0.53 – 0.86 

HIGH GLUCOSE 
(n=1928) 

1 1 
0.91 
0.70 – 1.19 

0.76 
0.57 – 1.01 

0.77 
0.62 – 0.96 

 2 1 
0.90 
0.68 – 1.18 

0.80 
0.59 – 1.07 

0.81 
0.64 – 1.03 

 3 1 
0.88 
0.67 – 1.15 

0.85 
0.63 – 1.14 

0.85 
0.68 – 1.07 

HIGH INSULIN 
(n=1927) 

1 1 
0.91 
0.69 – 1.20 

0.61 
0.45 – 0.84 

0.58 
0.46 – 0.74 

 2 1 
0.95 
0.71 – 1.26 

0.65 
0.46 – 0.90 

0.60 
0.47 – 0.78 

 3 1 
1.06 
0.77 – 1.45 

0.91 
0.65 – 1.27 

0.76 
0.56 – 1.03 

 

Model 1: Age, sex adjusted risk ratios in cardiometabolic risk factors between the physical activity groups. 

Persistently physically inactive group is the reference. 

Model 2: Age, sex, education, diet and smoking adjusted risk ratios in cardiometabolic risk factors between the 

physical activity groups. Persistently physically inactive group is the reference. 

Model 3: Age, sex, education, diet, smoking, and body mass index adjusted risk ratios in cardiometabolic risk 

factors between the physical activity groups. Persistently physically inactive group is the reference. 

 

CI; confidence interval; Obesity, BMI>30 kg/m
2
; High waist, Waist circumference ≥88cm in women and ≥102 

in men; High Blood Pressure, ≥130/≥85 mmHg or treatment for hypertension; High total cholesterol, >6.2 

mmol/l; High LDL cholesterol, low-density lipoprotein >4.14 mmol/l; Low HDL cholesterol, high-density 

lipoprotein <1.03 mmol/l in men and <1.29 mmol/l in women or treatment; High triglycerides, ˃1.7 mmol/l or 

treatment; High glucose, ≥5.6 mmol/l; High insulin, >80
th

 percentile (in our study 13.05 mU/l); NA, not 

applicable. 

 

Table 4 - Persistent physical inactivity and clustered cardiometabolic risk 

The table reports risk ratios (RR) for clustered cardiometabolic risk (metabolic syndrome) between 

the physical activity groups. Persistently physically inactive group is the reference.  

  
HARMONIZED IDF NCEP EGIR 

  
MODEL 

1 

(N=1922

) 

MODEL 

2 

(N=1813

) 

MODEL 

1 

(N=1899

) 

MODEL 

2 

(N=1797

) 

MODEL 

1 

(N=1920

) 

MODEL 

2 

(N=1811

) 

MODEL 

1 

(N=1918

) 

MODEL 

2 

(N=1809

) 
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PERSISTENTLY 
PHYSICALLY 
INACTIVE 

RR 1 1 1 1 1 1 1 1 

DECREASINGL
Y ACTIVE 

RR 

 

95

% 

CI 

0.91 

0.70-1.19 

0.91 

0.68-1.21 

0.94 

0.73-

1.21 

0.94 

0.72-1.22 

0.97 

0.75-1.25 

0.97 

0.74-1.28 

0.75 

0.56-1.01 

0.74 

0.54-1.02 

INCREASINGLY 
ACITVE 

RR 

 

95

% 

CI 

0.62 

0.45-0.84 

0.64 

0.45-0.89 

0.73 

0.56-

0.97 

0.78 

0.58-1.04 

0.65 

0.48-0.88 

0.66 

0.48-0.92 

0.52 

0.37-0.73 

0.53 

0.37-0.77 

PERSISTENTLY 
ACTIVE 

RR 

95

% 

CI 

0.67 

0.53-0.84 

0.71 

0.55-0.91 

0.71 

0.57-

0.88 

0.76 

0.60-0.96 

0.63 

0.50-0.79 

0.67 

0.52-0.86 

0.48 

0.37-0.61 

0.49 

0.37-0.65 

 

Model 1: age and sex adjusted.  

Model 2: age, sex, education, diet and smoking adjusted. 

 

CI, confidence interval; EGIR, Metabolic syndrome definition by the European Group for the Study 

of Insulin Resistance; HARMONIZED, Metabolic syndrome by the harmonized definition; IDF, 

Metabolic syndrome definition by the International Diabetes Federation; NCEP,  Metabolic syndrome 

definition by the National Cholesterol Education Program Adult treatment Panel III. 
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