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ABSTRACT  

This study investigated the longitudinal associations of self-rated physical fitness and estimated 

maximal oxygen uptake (VO2max) with all-cause and cause-specific mortality. A total of 59 741 

participants in the Finnish National FINRISK Study Cohort had data on self-rated physical fitness and 

covariates. A subsample of 4 823 participants had estimated VO2max data. Follow-up ranged from 3 

to 38 years. Associations of self-rated physical fitness and VO2max with mortality were analysed 

using multivariate Cox proportional hazard models. The study showed that poor self-rated physical 

fitness was related to all-cause mortality [Hazard Ratio (HR) 1.9; 95% Confidence Interval (CI) 1.8-

2.0] and mortality due to cardiovascular (HR 2.0, 95%CI 1.9-2.2), cerebrovascular (HR 1.9, 95%CI 1.6-

2.2) and respiratory diseases (HR 2.1, 95%CI 1.9-2.4), trauma (HR 1.7, 95%CI 1.3-2.0), infections (HR 

1.8, 95%CI 1.3-2.7), dementia (HR 1.9, 95%CI 1.6-2.3) and cancer (HR 1.7, 95%CI 1.5-1.9). Co-existing 

higher age, physical inactivity, male gender and severe chronic conditions further increased the risk. 

In men higher VO2max was associated with a lower risk of lung cancer mortality (HR 0.8, 95% CI 0.7-

0.96). Based on the results, self-rated physical fitness reflects a combination of unfavorable 

biological and lifestyle-related factors which increase mortality risk. A simple question about 

perceived physical fitness may reveal at-risk individuals who would benefit from more intensive 

treatment of chronic conditions and other interventions aiming to promote better fitness and well-

being.  
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INTRODUCTION 

Good physical fitness from early to late life is considered as one of the key factors in prevention of 

chronic conditions and premature mortality. Physical activity, one of the main determinants of 

physical fitness, has been widely investigated in relation to several non-communicable diseases and 

other adverse health events. Recent meta-analyses have shown that physically active persons are 

less likely to develop chronic conditions, including diabetes (Forouhi and Wareham, 2014), 

cardiovascular diseases (Li et al., 2013; Pal et al., 2013) and dementia-related disorders (Ahlskog et 

al., 2011; Sofi et al., 2011). Physical activity is also protective against premature all-cause (Gunnell et 

al., 2014) and cause-specific (Gunnell et al., 2014) mortality. The beneficial effects of physical activity 

on later life outcomes are commonly assumed to be due to favorable effects on the 

cardiorespiratory, metabolic and musculoskeletal systems. Genetic factors may also influence these 

associations (Karvinen et al., 2015). 

Physical activity often correlates with self-rated physical fitness, but people may report good 

physical fitness without being physically active (Kulmala et al., 2014; Pulkkinen et al., 2013). Physical 

activity has been related to objective measures of physical fitness, including maximal oxygen uptake 

(VO2max) (Cao et al., 2010; Ramsbottom et al., 2010). However, some studies have found only a 

weak association between self-reported physical activity and estimated VO2max (Gademan et al., 

2014). This indicates that physical fitness and physical activity may represent somewhat different 

aspects of health, and may not be fully interchangeable. 

Self-rated physical fitness has been related to a variety of factors, e.g. education, smoking, BMI, and 

several chronic conditions including dementia (Pulkkinen et al., 2013; Kulmala et al., 2014). Self-

rated physical fitness correlates with estimated fitness (Aadahl et al., 2007). Higher VO2max has 

been linked to decreased risk of incident heart failure (Khan et al., 2014), other cardiovascular risk 
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factors (Twisk et al., 2002) and mortality (Sawada et al., 2003). Self-rated physical fitness is thus an 

overall measure of health, which brings together cardiorespiratory fitness, physical activity and also 

several other life style factors. 

Although the beneficial effects of physical activity on health and disease prevention are widely 

reported, only a few studies have investigated self-rated fitness or other non-exercise fitness testing 

in relation to mortality risk (Phillips et al., 2010; Stamatakis et al. 2013; Waller et al. 2014;  

Holterman et al. 2015).  . This study aims to investigate self-rated physical fitness (as a broader 

indicator of overall health and functioning) and estimated VO2max (as a more specific indicator of 

cardiorespiratory fitness) from early to late adulthood in relation to all-cause and cause-specific 

mortality in a large population-based cohort. We hypothesize that self-rated physical fitness and 

VO2max may have different associations with mortality, and these associations may be modified by 

gender, age, physical activity and chronic conditions. 

 

MATERIALS AND METHODS 

Participants 

The present study comprised participants in the National FINRISK Study Cohorts carried out every 5 

years from 1972 to 2007 to monitor cardiovascular risk factor levels in the Finnish population. For 

each survey, an independent random sample was drawn from the National Population Register of all 

permanent residents living in the study areas (Borodulin et al., 2015; Vartiainen et al., 1994). The age 

range for surveys was 25 to 74 years. Participation rates ranged from 90% to 65% resulting in a total 

population of 64,415 persons. For the present study, FINRISK participants who died within 2 years 

after the survey (n=843), and those diagnosed with dementia based on mortality and hospital 

discharge data within 5 years after the survey (n=153) were excluded from analyses in order to 

minimize potential reverse causality and self-reporting bias due to cognitive decline. In addition, 
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3 678 participants with missing data on self-reported physical fitness and/or other covariates 

(education, physical activity, smoking, or body mass index) were excluded (Supplementary Figure 1). 

The final study population thus included 59 741 participants (4 823 with Vo2max data collected only 

in 2002).  Detailed descriptions of the National FINRISK Study methodology have been published 

previously (Borodulin et al., 2015; Vartiainen et al., 2010). For each survey, ethics approvals were 

obtained according to existing regulations. The latest approvals were issued by the Coordinating 

Ethics Committee of the Hospital District of Helsinki and Uusimaa. 

 

FINRISK assessments 

Survey methods were carefully standardized and complied with international recommendations. The 

1982 and 1987 surveys followed WHO MONICA protocols, and methods used in previous and later 

surveys were comparable. Participants were invited to the local study site, where they underwent a 

health examination with physical measurements, and completed self-reported questionnaires. Self-

rated physical fitness was assessed using a Likert type questions: ‘How is your current physical 

fitness?’ with response options 1=very good, 2=good, 3=satisfactory, 4=relatively poor and 5=very 

poor. Responses were re-categorized into three groups: good (options 1 and 2), satisfactory (option 

3) and poor (options 4 and 5). Leisure-time physical activity was assessed by the question, "How 

much do you exercise and stress yourself physically in your leisure time?" Response options were 

1=In my leisure time, I read, watch TV, and work in the household with tasks which do not make me 

move much and which do not physically tax me; 2=In my spare time, I walk, cycle or exercise 

otherwise at least 4 hours per week, excluding travel to work; 3=In my spare time, I exercise to 

maintain my physical condition for at least 3 hours per week; and 4=In my spare time, I regularly 

exercise several times a week in competitive sports or other heavy sports. For the analyses, physical 

activity levels were categorized into inactive (option 1), moderately active (option 2), and active 

(options 3 and 4). A trained nurse measured height and weight for BMI calculation (kg/m2). 
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Education was assessed as total years of schooling, and was divided into 3 birth cohort specific tertiles 

(low, middle, high). Smoking was assessed with the set of questions that allowed stratification into 

daily smokers, smokers who had quitted less than 6 months ago, former smokers who had quitted 

more than 6 months ago, and non-smokers.  

In the 2002 FINRISK Study, a sub-sample (n=4 823) underwent a non-invasive, non-exercise fitness 

test (Borodulin et al., 2004). Test was carried out using Polar S810 heart rate monitors (Polar Electro, 

Kempele, Finland) with a measurement of electrocardiogram for 5 minutes. Aerobic fitness was 

predicted using the information on heart rate variability, participant’s age, gender, measured height 

and weight, and self-assessed physical activity level. Estimation equations included matrix 

calculation and nonlinear equations, which were determined using artificial neural networks. The 

measurement of estimated aerobic fitness has been described in detail elsewhere (Borodulin et al., 

2004). 

 

Medical history 

Diagnoses of cardiovascular conditions (hypertensive heart disease, ischemic heart disease, atrial 

fibrillation, heart failure, atherosclerosis), cerebrovascular conditions (hemorrhagic or ischemic 

stroke, TIA), any musculoskeletal conditions, chronic lower respiratory conditions, diabetes (type 1 

or 2) and depression (all severity degrees, bipolar or unipolar or dysthymia) at any time were 

identified from the National Hospital Discharge Register (HDR). HDR is maintained by National 

Institute for Health and Welfare. It includes information on in-patient stays in public hospitals 

starting from 1969. Diagnoses are based on ICD-codes (Table S1, Supplementary Appendix lists all 

codes used in the present study). ICD-8 was used in Finland during 1969-1986, ICD-9 during 1987-

1995, and ICD-10 from 1996 onwards. The identification of the persons in the register is based on 

the unique identification code, which is given to every resident in Finland. HDR does not include 

information from out-patient clinics, health centers or private hospitals.  
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Dementia diagnoses were ascertained as indicated in a previous validation study based on code 307 

from the Drug Reimbursement Register and the respective ICD 8, 9 and 10 codes from HDR 

(Solomon et al. 2014). The Drug Reimbursement Register is maintained by the Social Insurance 

Institution and includes information on dates when patients became entitled for reimbursement, 

and dates of reimbursed drug purchases. Reimbursement for dementia drugs started in February 

1999, and persons entitled for reimbursement are identified with a special code in the register (307) 

(www.kela.fi). All dementia drugs and all patients (irrespective of dementia severity) are included in 

the reimbursement system. During follow-up for this study, reimbursement was based on dementia 

diagnosis by a specialist physician (neurologist, geriatrician) after a thorough examination including 

neuropsychological and laboratory tests, and CT or MRI scans.  

 

Mortality data 

Mortality data were obtained from the National Register of Causes of Death, maintained by Statistics 

Finland and including date of death, direct, underlying and contributing causes of death (ICD codes). 

The following direct or underlying causes of death were considered: all causes of death, all 

cardiovascular, all cerebrovascular, all respiratory, all infections, all neoplasms, all lung cancer, all 

breast cancer (women), all prostate cancer (men), all suicide, and all trauma. For dementia-related 

deaths, ICD codes for dementia (direct, underlying or contributing cause) from the National Register 

of Causes of Death were included. All codes used in the present study are listed in Table S2, 

Supplementary Appendix. 

Statistical analyses 

Analyses were conducted using Stata 11.0 software (Stata Corp, Collega Station, TX, USA). Baseline 

characteristics are reported as means (standard deviations) for continuous variables and 

percentages for categorical variables. Differences between self-rated physical fitness groups were 
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tested with independent samples t-test and one-way ANOVA for continuous variables, and with chi-

square tests for categorical variables. Similar comparisons were conducted between the study 

population (n=59 741) and participants with missing data (n=3 678, Supplementary Figure 1). 

Mortality rates per 1000 person-years and their 95% confidence intervals (95% CI) were calculated 

using the stptime Stata command. The associations of self-rated physical fitness and VO2max with 

mortality were analysed using Cox proportional hazard models adjusted for sex, education, BMI, 

physical activity, smoking, chronic conditions and the FINRISK survey year, with age as time scale and 

age at survey as origin. BMI was entered in the model given curve linear representation by including 

both a straight linear and a quadratic term. Interactions between self-rated physical fitness, age, sex, 

physical activity and chronic conditions in relation to mortality were investigated and combined 

effects were analysed. When analysing cause-specific mortality, persons who died due to other 

causes were censored at the time of death. Results are reported as Hazard Ratios (HR) and 95% CIs. 

Level of significance was p≤0.05 in all analyses.  

 

RESULTS 

The baseline age of participants ranged from 25 to 74 years, with a mean age of 44.9 (SD ±12.0) 

years. 52% (n = 31 085) were women. Table 1 shows sociodemographic and clinical characteristics of 

participants according to self-rated physical fitness at baseline. Altogether 9110 (15.3%) persons 

rated their fitness as poor, 28 961 (48.5%) as satisfactory and 21 670 as good (36.3%). Persons who 

rated their fitness as poor were older, had higher BMI, were more commonly women, sedentary, 

smokers, less educated, and had more often a history of chronic conditions. During the mean follow-

up of 20.0 (SD±11.2) years, altogether 13 781 (23.1%) participants died. All-cause mortality rates per 

1000 person-years were 7.3 (95% CI 7.1-7.6) for the persons with good baseline fitness, 12.5 (95% CI 

12.2-12.7) for persons with satisfactory baseline fitness and 19.2 (95% CI 18.5-19.8) for persons with 

poor baseline fitness. Cause-specific mortality rates per 1000 person-years according to baseline 
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self-rated physical fitness levels are reported in Table 2. Figure 1 shows the Kaplan-Meier mortality 

curves according to baseline self-rated fitness status. 

Associations between baseline physical fitness and all-cause and cause-specific mortality are shown 

in Table 3. Compared with persons with good self-rated physical fitness in baseline, those reporting 

poor fitness had increased risk for all-cause mortality (HR 1.9, 95% CI 1.8-2.0) even after all 

adjustments. Significant associations were also found between poor fitness and death due to 

cardiovascular (HR 2.0, 95% CI 1.9-2.2), cerebrovascular (HR 1.9, 95% CI 1.6-2.2) and respiratory (HR 

2.1, 95% CI 1.9-2.4) causes, and also due to trauma (HR 1.7, 95% CI1.3-2.0), infections (HR 1.8, 95% 

CI 1.3-2.7), dementia (HR 1.9, 95% CI1.6-2.3) and cancer (HR 1.7, 95% CI 1.5-1.9). Additional analyses 

showed that poor physical fitness was associated particularly with lung cancer mortality (HR 2.0, 

95% CI 1.6-2.6). Higher VO2max was significantly associated only with lower lung cancer mortality 

among men (0.81, 95% CI 0.69-0.96).  

Table 4 shows the combined effects of self-rated physical fitness and age, gender, physical activity 

and chronic conditions on all-cause mortality risk. Increasing age increased mortality risk, with 

relatively similar effects of poor physical fitness in all age groups (p=0.453 for interaction). When 

considering physical activity and self-rated fitness together, participants who were both sedentary 

and had poor self-rated fitness had the highest mortality risk. When taking gender into account, men 

with poor physical fitness had the highest mortality risk (HR 2.85, 95% CI 2.64-3.09). Compared with 

persons without chronic conditions and good physical fitness, those having chronic conditions and 

reporting poor fitness had over three times higher risk for all-cause mortality (HR 3.54, 96% CI 3.29-

3.81) during the follow-up.  

There were significantly more deaths among participants with missing data (n=1 554 deaths, 42.3%) 

compared to the study population (n=13 781 deaths, 23.1%, p<0.001). Participants with missing data 

were also older (mean age (SD) 51.4 (12.0) versus 44.9 (12.0), p<0.001), and had more often chronic 

conditions: depression 6.5% versus 4.5% (p<0.001), cardiovascular 50.9% versus 31.4% (p<0.001), 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

cerebrovascular 17.8% versus 9.8% (p<0.001), diabetes 14.3% versus 7.3% (p<0.001), 

musculoskeletal 25.8% versus 18.1% (p<0.001), and respiratory 13.8% versus 7.9% (p<0.001). There 

were no gender differences (p=0.55).   

 

DISCUSSION 

This longitudinal population-based study including nearly 60 000 persons showed that poor self-

rated physical fitness increased the risk of premature all-cause and cause-specific mortality. 

Compared with persons reporting good self-rated fitness, persons with poor fitness had almost two-

fold all-cause mortality risk even after adjusting for several confounding factors. Male gender, higher 

age, physical inactivity and chronic conditions further increased mortality risk among those reporting 

poor physical fitness. In addition to all-cause mortality, poor self-rated fitness increased the risk of 

mortality due to cardiovascular, cerebrovascular, respiratory causes and also due to trauma, 

infections, dementia and cancer. Higher VO2max was associated only with lower risk of lung cancer 

mortality in men. 

Self-rated physical fitness correlates with and has shared determinants with self-rated health (Reile 

and Leinsalu, 2013), being thus indicative of several chronic conditions and unfavorable lifestyle 

factors which can increase mortality risk. The association between self-rated health and mortality 

risk has been widely acknowledged (Fernandez-Ruiz et al., 2013; Halford et al., 2012; Lyyra et al., 

2009; Nery Guimaraes et al., 2012; Tamayo-Fonseca et al., 2013), but only a few studies have 

focused on self-rated fitness and mortality risk. While our study focused on self-rated physical 

fitness level (from poor to good), the Copenhagen City Heart Study (almost 9000 participants with 

median follow‐up of 18 years) showed that self-rated cardiorespiratory fitness relative to peers 

(lower, same or higher) was related to all-cause mortality, and participants with cardiorespiratory 

fitness lower than peers had over 90% increased risk for cardiovascular disease mortality 

(Holtermann et al., 2015). Another study of 858 Glasgow residents with a follow-up of 16.5 years 
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reported that self-rated fitness (unspecified, from poor to good relative to age peers) was associated 

with all-cause mortality (Phillips et al. 2010).  

 

The association between poor fitness and mortality risk is at least partly explained by physical 

activity. Regular physical exercise increases cardiorespiratory endurance, high density lipoprotein 

cholesterol, and insulin sensitivity, while decreasing blood pressure, blood triglycerides, and 

inflammatory markers (Rankinen and Bouchard, 2007), thus contributing to a decrease in mortality 

risk. However, whilst perceived physical fitness correlates with physical activity (Pulkkinen et al., 

2013), they are not identical (Kulmala et al., 2014) and self-perception of fitness may be indicative of 

several chronic conditions and other  lifestyle factors such as mental well-being, social connections 

and perceived quality of life (Mao and Zhao, 2012; Ramkumar et al., 2009). For example, poor self-

rated health is related to fewer social connections (Zhang and Ta, 2009), which in turn have been 

linked to higher serum C-reactive protein concentrations (Loucks et al., 2006) and several traditional 

cardiovascular disease risk factors (Rutledge et al., 2008).  

In the present study, Vo2max did not predict all-cause mortality, but a significant association was 

found between lower VO2max and increased risk of death due to lung cancer among men. This 

association may be at least partly explained by physical activity, as physical activity was previously 

reported to reduce lung cancer risk by 20-50%, with a dose-response effect (Emaus and Thune, 

2011). High level of physical activity has also been related to approximately 15% lower risk of lung 

cancer mortality (Arem et al., 2014).  
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An association between higher VO2max and lower mortality especially due to coronary heart disease 

has been previously reported (Andersen, 1995). A recent study also found that high midlife 

cardiorespiratory fitness (measured by treadmill exercise test) in men was associated with a 32% risk 

reduction in all cancer-related deaths, and a 68% reduction in cardiovascular disease mortality 

following a cancer diagnosis (Lakoski SG et al., 2015). Other studies have had conflicting results 

(Smigielski et al., 2013).  

Based on our findings, it seems that self-perception of poor physical fitness may have a stronger 

association with adverse health events than estimated fitness. Vo2max represents maximal oxygen 

uptake, which is a measure of cardiorespiratory function. However, self-rated fitness is affected by a 

wide range of variables (e.g. education, smoking, physical activity, body weight, and psychosocial 

factors), and thus indicates more general health status.  

As expected, poor physical fitness increased mortality risk especially when accompanied by higher 

age, male gender, chronic conditions and sedentary life style. Men in general have lower life 

expectancy than women. However, our results showed that compared to women with good fitness, 

men reporting good fitness had only 40% higher mortality risk, while men reporting poor fitness had 

almost three-fold higher mortality risk. A large part of the gender difference in mortality risk is 

attributable to differences in cardiovascular diseases prevalence, and also a presentation of 

cardiovascular diseases in women on average 7-10 years later (Crea et al., 2015). Therefore it is 

possible that good physical fitness among men may prevent / postpone cardiovascular events, 

lowering the risk for premature death. As expected, persons with chronic conditions and poor 

physical fitness had the highest mortality risk.  

The strengths of this study include a large population-based sample and a follow-up period 

extending up to almost forty years. We also excluded persons who died during the first two years of 

follow-up, and persons diagnosed with dementia within 5 years after the fitness assessment in order 

to limit potential reverse causality and self-reporting bias due to cognitive decline. Although we 
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were also able to control for several register-based chronic conditions and other confounding 

factors, the possibility of residual confounding cannot be fully excluded. As FINRISK participants 

excluded due to missing data had poorer health and were more likely to die than the study 

population, this may have led to an underestimation of associations between fitness and mortality. 

VO2max was available in a smaller population, which may have limited statistical power to detect 

associations with mortality. In addition, we could not take pack-years smoked into account as data 

were not available for all survey years. Physically active and consequently more physically fit persons 

tend to smoke less than sedentary persons (Sormunen et al. 2014), and physically active smokers are 

also more likely to report lower intensity physical activities (Gauthier et al. 2012).  

 

Perspective 

This study showed that self-perception of poor physical fitness was associated with increased 

mortality risk up to 40 years later. As self-reported poor fitness most likely indicates the presence of 

several potentially modifiable risk factors, identifying the causes behind poor self-rated fitness may 

provide individualized targets for preventive interventions. Low cardiorespiratory fitness (Vo2max) 

was related to higher lung cancer mortality risk, supporting the benefits of cardiorespiratory fitness 

assessment in preventive health care especially in men and high risk groups. 
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Table 1. Sociodemographic and clinical characteristics of FINRISK participants according to self-rated 

physical fitness at baseline (n=59 741).  

 

 Self-rated physical fitness 

Characteristics Good  Satisfactory  Poor  p-value 

*Age 42.6 (12.0) 45.7 (11.8) 47.5 (11.5) <0.001 

*Body Mass Index 25.2 (3.6) 26.5 (4.3) 28.0 (5.4) <0.001 

*Vo2max (n=4 823) 39.4 (9.0) 34.5 (8.1) 30.5 (7.3) <0.001 

Sex  

    Women (n=31 085) 

10 846 

(50.1) 

15 361 (53.0) 4 878 (53.6)  

    Men (n=28 656) 

10 824 

(50.0) 

13 600 (47.0) 4 232 (46.5) <0.001 
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Leisure-time physical activity  

    Sedentary (n=18 100) 3 746 (17.3) 9 463 (32.7) 4 891 (53.7)  

    Moderately active (n=30 662) 

10 549 

(48.7) 

16 220 (56.0) 3 893 (42.7)  

    Active (n=10 979) 7 375 (34.0) 3 278 (11.3) 326 (3.6) <0.001 

Smoking  

    Non-smoker (n=32 540) 

12 506 

(57.7) 

15 647 (54.0) 4 387 (48.2)  

    Quit >6 months ago (n=9 982) 3 621 (16.7) 4 774 (16.5) 1 587 (17.4)  

    Quit <6 months ago (n=1 112) 427 (2.0) 526 (1.8) 159 (1.8)  

    Daily smoker (n=16 107) 5 116 (23.6) 8 014 (27.7) 2 997 (32.7) <0.001 

Educational thirds 

    Low (n=16 803) 5 716 (26.4) 8 322 (28.7) 2 765 (30.4)  

    Middle (n=20 587) 7 185 (33.2) 10 271 (35.5) 3 131 (34.4)  

    High (n=22 351) 8 769 (40.5) 10 368 (35.8) 3 214 (35.3) <0.001 

Chronic conditions 

    Depression (n=2 669) 615 (2.8) 1 399 (4.8) 655 (7.2) <0.001 

    Cardiovascular disease (n=18 735) 4 575 (21.1) 10 071 (34.8) 4 089 (44.9) <0.001 

    Cerebrovascular disease (n=5 860) 1 389 (6.4) 3 190 (11.0) 1 281 (14.1) <0.001 

    Diabetes (n=4 365) 927 (4.3) 2 264 (7.8) 1 174 (12.9) <0.001 

    Musculoskeletal disease (n=10 807) 2 768 (12.8) 5 760 (19.9) 2 279 (25.0) <0.001 

    Respiratory disease (n=4 731) 1 013 (4.7) 2 427 (8.4) 1 291 (14.2) <0.001 

 

Values are numbers (%) and X2 test was used unless otherwise indicated;  

* Values are means (SD) and one-way ANOVA was used.  
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Table 2. All-cause and cause-specific mortality rates per 1000 person-years according to baseline 

self-rated physical fitness levels. 

 

 Mortality rates ( 95% CI) per 1000 person-years 

 Good fitness Satisfactory fitness Poor fitness 

All-cause mortality 7.3 (7.1-7.6) 12.5 (12.2-12.7) 19.2 (18.5-19.8) 

Cardiovascular cause 2.5 (2.4-2.7) 4.9 (4.8-5.1) 8.0 (7.6-8.4) 

Cerebrovascular cause 0.7 (0.6-0.8) 1.3 (1.2-1.4) 2.2 (2.0-2.4) 

Trauma mortality 0.6 (0.5-0.7) 0.8 (0.7-0.8) 1.0 (0.8-1.1) 

Infection as a cause of 

death 

0.1 (0.1-0.2) 0.3 (0.2-0.3) 0.4 (0.3-0.5) 

Dementia mortality 0.6 (0.5-0.7) 1.3 (1.2-1.4) 1.7 (1.5-1.9) 

Suicide 0.2 (0.1-0.2) 0.2 (0.2-0.2) 0.2 (0.2-0.3) 

Respiratory cause 1.0 (0.9-1.1) 2.0 (1.8-2.1) 3.1 (2.8-3.3) 

Cancer (any type) 2.2 (2.1-2.4) 3.2 (3.0-3.3) 4.3 (4.0-4.6) 

Lung cancer 0.3 (0.3-0.4) 0.5 (0.5-0.6) 0.9 (0.8-1.0) 
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Table 3. Hazard Ratios (HR) and 95% Confidence intervals (95% CI) for all-cause and cause-specific 

mortality based on self-rated fitness levels and maximal oxygen uptake. 

 

 Self-rated physical fitness  Vo2Max 

 Good (ref.) 

n=21 670 

Deaths n=3 043 

Satisfactory 

n=28 961 

Deaths n=7 442 

Poor 

n=9 110 

Deaths n=3 296 

Men  

n=2 197 

Deaths n=85 

Women 

n=2 626 

Deaths n=41 

 HR (95% CI) 

All-cause 

mortality* 

1 1.4 (1.3-1.5) 1.9 (1.8-2.0) 0.97 (0.93-1.01) 0.97 (0.93-1.01) 

Cause-specific mortality 

Cardiovascular 

cause 

1 1.5 (1.4-1.6) 2.0 (1.9-2.2) 1.00 (0.93-1.08) 0.96 (0.86-1.07) 

Cerebrovascular 

cause 

1 1.3 (1.1-1.5) 1.9 (1.6-2.2) 0.90 (0.73-1.12) 0.64 (0.29-1.42) 

Trauma mortality 1 1.2 (1.1-1.5) 1.7 (1.3-2.0) 0.99 (0.90-1.09) 1.00 (0.88-1.12) 

Infection as a cause 

of death 

1 1.5 (1.1-2.1) 1.8 (1.3-2.7) 0.96 (0.80-1.14) 0.92 (0.67-1.25) 

Dementia mortality 1 1.6 (1.4-1.8) 1.9 (1.6-2.3) NA NA 

Suicide 1 1.2 (0.9-1.6) 1.4 (0.9-2.2) 0.94 (0.78-1.14) 0.76 (0.48-1.22) 

Respiratory cause 1 1.5 (1.4-1.7) 2.1 (1.9-2.4) 1.05 (0.89-1.24) NA 

Cancer (any type) 1 1.3 (1.2-1.4) 1.7 (1.5-1.9) 0.93 (0.86-1.00) 0.98 (0.93-1.03) 

Breast cancer 

(women) 

1 1.0 (0.8-1.4) 1.1 (0.7-1.7) NA 0.79 (0.55-1.14) 

Prostate cancer 

(men) 

1 1.3 (0.9-1.8) 1.5 (1.0-2.4) 1.26 (0.88-1.80) NA 

Lung cancer 1 1.4 (1.1-1.7) 2.0 (1.6-2.6) 0.81 (0.69-0.96) NA 
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Persons who died during the first 2 years of follow-up or developed dementia prior to 5 years after 

the fitness assessments are excluded. 

Cox proportional hazard models (age as time scale and age at survey as origin) were adjusted for sex, 

education, body mass index, physical activity, smoking, severe chronic conditions and fitness 

assessment year. 

NA - Not available due to limited number of persons with the outcome. 

* Sensitivity analyses using the original five categories of self-rated physical fitness showed a similar 

pattern of association with all-cause mortality. Using the “very good” category as reference 

(deaths/total=309/2664), HR (95% CI) were: 1.02 (0.9-1.2) for good fitness (deaths/total=2 734/19 

006), 1.4 (1.3-1.6) for satisfactory fitness (deaths/total=7442/28 961), 1.9 (1.7-2.2) for poor fitness 

(death/total=2 988/8404), and 2.7 (2.3-3.2) for very poor fitness (deaths/total=308/706). 

 

Table 4. Combined effects self-rated physical fitness and age, gender, physical activity and chronic 

conditions.  

 

 n (Deaths / Total) HR (95% CI) 

Combined effects of age and self-rated physical fitness on all-cause mortality risk1 

25-40 years old and good physical fitness (ref.) 833 /10 576 1 

25-40 years old and satisfactory physical fitness  1 060 / 10 450 1.10 (1.01-1.21) 

25-40 years old and poor physical fitness 329 / 2 685 1.39 (1.22-1.58) 

40-65 years old and good physical fitness 2 127 / 10 242 4.40 (4.05-4.77) 

40-65 years old and satisfactory physical fitness 6 212 / 17 333 5.52 (5.12-5.95) 

40-65 years old and poor physical fitness 2 896 / 6 105 7.59 (7.00-8.24) 

over 65 years old and good physical fitness 83 / 852 17.90 (14.06-22.80) 

over 65 years old and good physical fitness 170 / 1 178 22.08 (18.30-26.64) 

over 65 years old and poor physical fitness 71 / 320 33.50 (25.84-43.43) 

Combined effects of physical activity and self-rated physical fitness on all-cause mortality risk2 

Physically active and good physical fitness (ref.) 648 / 7 375 1 

Physically active and satisfactory fitness 540 / 3 278 1.31 (1.17-1.47) 

Physically active and poor fitness 96 / 326 2.08 (1.68-2.58) 
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Moderately active and good physical fitness 1 594 / 10 549 1.35 (1.24-1.48) 

Moderately active and satisfactory physical fitness 3 896 / 16 220 1.88 (1.73-2.04) 

Moderately active and poor physical fitness 1 335 / 3 893 2.56 (2.32-2.81) 

Sedentary and good physical fitness 801 / 3 746 1.39 (1.25-1.54) 

Sedentary and satisfactory physical fitness 3 006 / 9 463 2.06 (1.89-2.25) 

Sedentary and poor physical fitness 1 865 / 4 891 2.85 (2.59-3.12) 

Combined effects of gender and self-rated physical fitness on all-cause mortality risk3 

Women with good physical fitness (ref.) 1 153 / 10 846 1 

Women with satisfactory physical fitness 3 219 / 15 361 1.37 (1.28-1.46) 

Women with poor physical fitness 1 416 / 4 878 1.77 (1.63-1.91) 

Men with good physical fitness 1 890 / 10 824 1.37 (1.27-1.48) 

Men with satisfactory physical fitness 4 223 / 13 600 1.96 (1.83-2.10) 

Men with poor physical fitness 1 880 / 4 232 2.85 (2.64-3.09) 

Combined effects of chronic conditions and self-rated physical fitness on all-cause mortality risk4 

No chronic conditions and good physical fitness (ref.) 1 111 / 14 090 1 

No chronic conditions and satisfactory physical fitness 1 882 / 14 129 1.40 (1.30-1.50) 

No chronic conditions and poor physical fitness 514 / 3 417 1.67 (1.50-1.85) 

Chronic condition and good physical fitness 1 932 / 7 580 1.68 (1.56-1.81) 

Chronic condition and satisfactory physical fitness 5 560 / 14 832 2.41 (2.26-2.58) 

Chronic condition and poor physical fitness 2 782 / 5 693 3.54 (3.29-3.81) 

Cox proportional hazard models with age as time scale and age at survey as origin: 

1 Adjusted for sex, education, body mass index, physical activity, smoking, chronic conditions and 

examination year  

2 Adjusted for sex, education, body mass index, smoking, chronic conditions and examination year 

3 Adjusted for education, body mass index, physical activity, smoking, chronic conditions and 

examination year 

4 Adjusted for sex, education, body mass index, physical activity, smoking and examination year 
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Figure legend: 

 

Figure 1. Kaplan Meier survival curves (all Log rank p-values <0.001). 
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