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ABSTRACT  

Aims Increases in prevalence have led to a diabetes pandemic. Obesity and low cardiorespiratory fitness (CRF) are 

considered to be central mechanisms. We investigated if the effect of CRF on diabetes risk was equivalent across levels 

of fatness among healthy men. 

Methods In total 4,988 middle-aged Caucasian employed men free of cardiovascular disease, diabetes and cancer were 

included from the Copenhagen Male Study starting in 1970-71. CRF was assessed using a sub-maximal bicycle 

ergometer test and body mass index (BMI) was measured by height and weight. Their interaction and stratified 

associations with diabetes incidence were estimated in multivariable Cox-models including conventional risk factors 

and social class. Diabetes incidence was assessed through a national register.  

Results During 44 years of follow-up, 518 (10.4%) incident cases of diabetes occurred. In the multi-adjusted model, the 

obese had a significantly higher risk of diabetes compared to normal weight men (Hazard Ratio (HR):4.89; 95%CI: 

3.62-6.61) and CRF was significantly inversely associated with diabetes (HR:0.86; 95%CI:0.75-0.98 per 10-unit 

increase in ml/kg/min
1
 CRF). A significant multi-adjusted interaction between CRF, BMI and diabetes was found 

(p=0.009). The stratified multi-adjusted analyses on BMI showed a significantly stronger reduced risk of diabetes per 

10-unit increase in ml/kg/min
1
 of CRF among the obese (HR:0.58; CI:0.38-0.89), but a weaker association among 

overweight (HR:0.86; CI:0.71-1.03) and normal weight (HR:0.97; CI:0.76-1.23).  

Conclusion High CRF has a stronger protective effect on diabetes among obese than among normal weight men, 

supporting the recommendation of fitness-enhancing physical activity for preventing diabetes among the obese.    
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1.0 INTRODUCTION 

The escalating prevalence and burden of diabetes impose a large burden on health systems and societies all over the 

world [1]. For this reason there is a great need of preventive modifiable measures to reduce diabetes risk [2]. 

The increased diabetes incidence observed during recent decades is considered to be strongly linked to the 

corresponding increase in global prevalence of obesity [3]. Obesity is well documented to increase the risk of diabetes 

[4]. So The World Health Organization has highlighted the importance of normal body weight maintenance by healthy 

eating and physical activity in the prevention of diabetes [2]. However, because sustainable weight loss among obese 

individuals has a generally poor success rate, alternative preventive measures for reducing diabetes risk among obese 

individuals are called for [5;6].   

Some researchers have suggested that fitness-enhancing physical activity might be more effective than weight control 

for diabetes prevention among obese persons [7]. Cardiorespiratory fitness (CRF) expresses the maximal capacity of the 

cardiorespiratory system to take up and use oxygen during exercise [8], and is negatively associated with diabetes 

incidence [9-15]. The impact of fitness on the association between fatness and diabetes is controversial [15]. Several 

studies have indicated that the effect of CRF on diabetes incidence depends on the level of fatness [11;12;15-17]. 

Carnethon and colleagues [17] observed a strong increase in the risk of diabetes among low CRF non-obese young 

adults, but not among the obese. If the protective effect of high CRF actually is stronger among non-obese than obese, 

fitness promoting physical activity as a central preventive strategy for diabetes among obese might be reconsidered. It is 

therefore relevant to investigate if the specific effects of CRF on diabetes risk are equivalent across different levels of 

fatness [9].   

The current evidence on the interplay between fitness, fatness and diabetes incidence is weak since most existing 

studies did not use objective measures of CRF, but self-reported physical activity, which is known to be of moderate 

validity [18]. Furthermore, study populations have not been representative of the general population, having insufficient 

follow-up to include the majority of diabetes cases that will occur in the population, and not having sufficient statistical 

power to investigate if the effect of CRF on diabetes risk is equivalent across different levels of fatness. 

In the Copenhagen Male Study 4,988 middle-aged men free of cardiovascular disease, diabetes and cancer with 

objectively measured fitness and fatness at baseline have been followed-up for 44 years. Incident diabetes was recorded 

in a national registry [19]. We investigated if the effect of CRF on diabetes risk is equivalent across different levels of 

fatness. Our hypothesis was that the preventive effect of high fitness on diabetes incidence does not depend on the level 

of fatness.  
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2.0 SUBJECTS 

The Copenhagen Male Study was established in 1970-71 as a prospective study of middle-aged men employed at 

fourteen large workplaces in Copenhagen [20]. Overall, 6,125 men were invited to participate of whom 5,249 men 

(87%) agreed. Of these, a total of 5210 subjects underwent CRF testing. Two hundred and twenty-two of these subjects 

reported cardiovascular disease, previous cancer, and/or known diabetes and were excluded leaving 4,988 subjects in 

this study (Figure 1). 

3.0 MATERIALS AND METHODS 

All men were interviewed by a physician (Dr. Gyntelberg) and underwent estimation of CRF using information on heart 

rate and sub-maximal work-load from a bicycle ergometer and Åstrand’s nomogram. This method has previously been 

described in detail [20-22], and been shown to have a correlation of 0.87 compared to measured peak oxygen 

consumption and a standard error of 5.7 ml/kg/min
1
 [23]. The examination also consisted of a questionnaire, a short 

interview, and measurements of height, weight and blood pressure. From the questionnaire, information on daily 

physical activity, lifestyle, and general health was obtained. Physical activity during leisure time was self-reported into 

three categories; light, moderate or high. The subjects classified themselves as never smoker, previous smoker, or 

current smoker. Daily tobacco consumption was calculated, and has been found to have validity against serum cotinene 

[24]. The subjects were subdivided into three social classes, using a modification of a system by Svalastoga based on 

the level of education and job profile [25]. Approval from an Ethics Committee was not possible since the ethics 

committee did not exist before 1980 [24]. 

3.1 Patient Involvement 

All participants in this epidemiological cohort study were gainfully healthy working men participating voluntarily after 

having been well informed of the aims of the study. All participants were at work, and not included as patients.  

3.2 End-points and Follow-up 

Information about vital status and incident diabetes (ICD-8: 249-250; ICD-10: E10-E11; E13-E14) up to November 14th 

2014 was collected from the Danish National registers. Follow-up was 100% complete. Seven individuals emigrated 

and 1 individual changed central person register number (CPR-no.) due to sex change. In these cases, date of emigration 
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or change of CPR-no. was determined as date of censoring. Moreover, the follow-up was censored at the date of death if 

occurring before incident diabetes.  

3.3 Statistics 

Analyses were performed using STATA 12.1 (STATACorp LP, TX USA).  

The statistical analyses were based on both 10-units increased in ml/kg/min
1
 and tertiles of CRF and BMI in three 

categories (normal weight <25; overweight 25-30; and obese>30). For baseline demographics, the population was 

divided into tertiles of CRF; categorical variables were analyzed with the χ2–test and continuous variables with 

ANOVA. In the baseline table, crude incidences of diabetes by CRF were reported as percentages.  

The associations between CRF, BMI and incident diabetes were respectively analyzed using Cox proportional hazards 

models, and the proportional hazards assumption was tested using log-log Kaplan-Meier and Cox survival estimates 

plotted against time and found to be met. Both age-adjusted and multivariate analyses including possible confounding 

factors were performed. Clinical possible confounding variables included in the multivariate models were age at 

inclusion at baseline, smoking (never, former, current), grams of tobacco per day, systolic blood pressure above 140 

mmHg (yes/ no), diastolic blood pressure above 90 mmHg (yes/no), self-reported physical activity (light, moderate, 

high), alcohol consumption (light: 0-2 units/ day, moderate: 3-5 units/ day, heavy: >5 units/ day), and social class (low, 

middle, upper). When CRF was used as the exposure, BMI was included in the model as a covariate, and when BMI 

was used as the exposure, it was adjusted for CRF.  

Data were tested for multiplicative interactions between BMI, CRF and diabetes incidence in the fully adjusted 

statistical model. Then, the multi-adjusted association between continuous CRF and risk of diabetes within each strata 

of BMI was estimated. Accordingly, the multi-adjusted association between BMI and risk of diabetes within each strata 

of CRF was estimated. Moreover, a fully adjusted statistical model with combined categories of BMI and CRF on 

incident diabetes was performed.  

In a first analysis, all statistical models were performed without inclusion of the leisure time physical activity (3 

categories) as a co-variate. In a second (sensitivity) analysis, all statistical models were performed with leisure time 

physical activity as the main exposure variable, and CRF as a covariate. 

 



  

   

 

 6 of 19 

 

4.0 RESULTS 

A flow diagram of the participants in the study is illustrated in Figure 1. At baseline, 6,125 middle-aged men were 

invited to participate in the Copenhagen Male Study. Eight-hundred and seventy-six men did not respond to the 

invitation, 39 men were excluded because they were unable to perform the exercise test, and 222 were excluded because 

of existing cardiovascular disease, diabetes and cancer at baseline. This left 4,988 men available for the statistical 

analyses in this study.  

As of November 14th 2014, 518 (10.4%) incident cases of diabetes occurred during 44.1 years of follow-up (mean 28.0 

(SD 11.2)). In the same period, a total of 4,347 (87.1%) died from all causes. 

Baseline characteristics of the participants, stratified by tertiles of CRF are shown in table 1. Participants with higher 

levels of CRF were more likely to be younger, have a lower BMI, lower systolic and diastolic blood pressure, and have 

a higher self-reported physical activity level. Smoking was more prevalent with higher CRF whereas high alcohol 

consumption was more likely with lower CRF. Social class was not related to CRF. 

As shown in table 2, continuous CRF was significantly inversely associated with diabetes incidence. For every 10-unit 

increase in ml/kg/min
1
 of CRF, the risk of diabetes decreased by 14% (HR:0.86; 95%CI:0.75-0.98, p<0.05) in the fully 

adjusted model. Categorizing CRF into tertiles demonstrated a clear inverse dose-response relationship between CRF 

and incident diabetes. Referencing the low CRF group, both the middle (HR:0.75; CI:0.61-0.92, p<0.01) and the highest 

(HR:0.49; CI:0.39-0.61, p<0.001) CRF groups had a significantly reduced risk of diabetes in the age-adjusted model, 

while only the highest CRF group had a significantly reduced risk of diabetes in the multi-adjusted model (HR:0.79; 

CI:0.62-1.00, p<0.05). 

BMI was significantly predictive of diabetes incidence in both the age-adjusted and multi-adjusted analyses (Table 2). 

The multi-adjusted risk estimates for diabetes incidence compared to the normal weight group were (HR:2.27; CI:1.84-

2.81, p<0.001) for the overweight and (HR:4.89; CI:3.62-6.61, p<0.001) for the obese. 

A significant multi-adjusted multiplicative interaction between BMI, CRF and diabetes incidence was found (p=0.009).  

This multiplicative interaction is clearly observed in the multi-adjusted stratified analysis on BMI. They showed a 

strong reduced risk of diabetes per 10-unit increase in ml/kg/min
1
 of CRF among the obese (HR:0.58; CI:0.38-0.89, 
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p<0.01), but weaker association among the overweight (HR:0.86; CI:0.71-1.03, p<0.11) and normal weight men 

(HR:0.97; CI:0.76-1.23, p<0.87).  

The multi-adjusted stratified analysis on CRF showed the same tendency. Among the high fit tertile, the overweight 

group (HR:2.04; CI:1.42-2.95, p<0.001) and the obese group (HR:4.50; CI:2.01-10.06, p<0.001) had an increased risk 

of incident diabetes compared to the normal weight group. Among the middle fit tertile, the overweight group 

(HR:2.05; CI:1.47-2.86, p<0.001) and the obese group (HR:3.45; CI:2.04-5.82, p<0.001) had an increased risk of 

incident diabetes compared to the normal weight group. Among the low fit tertile, the overweight group (HR:3.43; 

CI:2.18-5.39, p<0.001) and the obese group (HR:7.83; CI:4.66-13.16, p<0.001) had a strong increased risk of incident 

diabetes compared to the normal weight group. 

The combined multi-adjusted analyses of BMI and CRF on incident diabetes with the normal weight and high fit tertile 

group as reference are illustrated in Figure 2. The normal weight groups did not have an increased risk of diabetes; 

middle fit tertile (HR:1.26; CI:0.87-1.82, p=0.23) and low fit tertile (HR:0.81; CI:0.50-1.32, p=0.40). An increased risk 

of diabetes was found for all overweight groups; high fit tertile (HR:2.00; CI:1.40-2.85, p<0.001), middle fit tertile 

(HR:2.55; CI:1.84-3.52, p<0.001), and low fit tertile (HR:2.81; CI:2.03-3.88, p<0.001). A strong increased risk of 

diabetes was found for all obese groups; high fit tertile (HR:4.36; CI:1.98-9.60, p<0.001), middle fit tertile (HR:4.38; 

CI:2.63-7.28, p<0.001), and low fit tertile (HR:6.65; CI:4.46-9.92, p<0.001). 

The first sensitivity analysis, excluding leisure time physical activity (3 categories) as a covariate from all variables did 

not materially change any of the risk estimates for diabetes incidence.  

In the second sensitivity analysis, all statistical models were performed with leisure time physical activity as the main 

exposure variable, and CRF as a covariate. No significant multi-adjusted multiplicative interaction was found between 

leisure time physical activity, BMI and diabetes incidence (p>0.15). As shown in Figure 3, very similar multi-adjusted 

risk estimates of diabetes incidence were found for the combined groups of leisure time physical activity and BMI as 

previously shown for the combined groups of CRF and BMI. Referencing the normal weight and high physical activity 

group, the normal weight and middle tertile physical activity group (HR:1.14; CI:0.64-2.05, p=0.65) and normal weight 

and lowest tertile physical activity group (HR:1.48; CI:0.75-2.91, p=0.25) did not have an increased risk of diabetes, 

while the overweight and high physical activity group (HR:2.72; CI:1.41-5.24, p=0.003), overweight and middle 

physical activity group (HR:2.57; CI:1.46-4.53, p<0.001), overweight and low physical activity group (HR:3.36; 
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CI:1.83-6.15, p<0.001), obese and high physical activity group (HR:3.77; CI:1.42-10.01, p=0.008), obese and middle 

physical activity group (HR:5.41; CI:2.89-10.11, p<0.001), and obese and low physical activity group (HR:9.08; 

CI:4.57-18.03, p<0.001) had an increased risk of diabetes incidence. 

 

5.0 DISCUSSION 

This study provides new evidence on the ‘fat and fit’ hypothesis in relation to diabetes prevention.  As expected, fitness 

and obesity were found to demonstrate contrasting associations with diabetes incidence. The main novel finding of the 

study is that among these healthy Danish men, CRF does not have an equivalent effect on diabetes incidence across 

different levels of fatness. Specifically, the protective effects of CRF (and leisure time physical activity) seem to be 

particularly evident among those who are obese, and to a lesser extent among the overweight and normal weight men. 

Accordingly, the risk of diabetes was particularly high for overweight and obese among the low fit tertile. The clinical 

guidance that follows from these results should strongly encourage fitness-enhancing physical activity especially among 

obese men at risk of diabetes.   

Instead of the commonly made comparison between ‘obese and active’ versus ‘lean and inactive’ in the investigation of 

the ‘fat and fit’ hypothesis [16;26;27], our study focuses attention specifically on the importance of fitness in the obese 

group. This is a novel approach, and builds on the established recognition of the association between obesity and 

diabetes incidence [4] and the well- identified challenges in achieving sustained weight loss among obese populations 

[5;6]. This extends previous systematic review and meta-analytic evidence showing that each increment in physical 

activity lowered diabetes risk [28], and increments in weight increased diabetes risk [4], and that the increased risk from 

obesity might be attenuated by physical activity or fitness [29]. 

Even though CRF had a particularly strong protective effect on diabetes incidence among the obese men, the group of 

obese men with high CRF (´fit and fat´) had a much higher risk of diabetes incidence (HR:4.36; CI:1.98-9.60) than the 

group of normal weight men in the low CRF tertile (´lean and unfit´) (HR:0.81; CI:0.50-1.32). Moreover, even though 

the obese had a very high increased risk of diabetes incidence in the low fit tertile (HR:7.83; CI:4.66-13.16), the obese 

also had a significantly increased risk among the middle fit tertile (HR:3.45; CI:2.04-5.82) and the high fit tertile 

(HR:4.50; CI:2.01-10.06). This finding indicates that high CRF is far from eliminating the increased risk of diabetes 
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among obese men, and supports that sustainable weight loss should be an integrated part of fitness-improving physical 

activity for preventing diabetes among the obese. 

5.1 Strengths and limitations 

The strengths of this study include a representative cohort sample, extended follow-up time and objective measures of 

obesity and fitness. The substantial proportions recruited to the cohort across social groups makes this study more 

representative than previous studies examining diabetes incidence, obesity and fitness. Previous less representative 

cohort samples have been recruited from fitness clinics or from health screening settings [15;30]. The objective 

measurements of BMI and CRF were additional strengths, as limited objective data were collected for cohorts in the 

1970s. Incident diabetes was measured by a national register with high accuracy [19], minimizing the risk of 

misclassification. Further, given the long follow up, and accurate capture of incident diabetes, it is likely that the 

‘universe’ of all incident diabetes cases was captured from this middle aged sample, a greater ascertainment rate than in 

the many cohort studies with only 5-10 years of follow up [15;31;32].  

Another strength of this study was the concordance between objective CRF and self-report measures of physical 

activity; both showed the same pattern of association, with protective effects on reducing diabetes incidence greatest 

among those who were obese. This corroboration further strengthens the evidence base for physical activity and CRF, 

and further indicates the importance of physical activity in diabetes prevention.  

Limitations of this study include lack of ability to differentiate between type 1 diabetes and type 2 diabetes, and to only 

capture diabetes that occurred after mid-age, as the mean age at recruitment was nearly 50 years old. However, there are 

likely to be very few cases with incident type 1 diabetes as the baseline sample was of middle age. Moreover, 

undiagnosed diabetes or prediabetes could not be detected in the study, which could have led to an underreporting of 

incident diabetes cases. The study findings are only generalizable to middle-aged Caucasian males. A further limitation 

was the measurement of obesity was only by objectively assessed height and weight, deriving BMI as the only risk 

exposure. More specific measures of abdominal obesity risk such as waist circumference and waist/height ratios were 

not known when this cohort was assembled. Recent studies have examined these, and derived indicators, such as the fat-

fit index, based on CRF and waist/height ratios [30], and used these to predict diabetes risk. Lacking information about 

BMI, CRF and the potential confounders during the follow-up period is a limitation of the study.  
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In a study of total nearly five thousand healthy working males with objective measurements of CRF and BMI and 44 

years of follow-up on incident diabetes in a national register, we found that fitness and obesity show independent and 

contrasting associations with diabetes incidence. Moreover, CRF was shown not to have an equivalent effect on 

diabetes incidence across different levels of fatness. The protective effects of CRF (as well as for self-reported leisure 

time physical activity) seem to be particularly strong among those who are obese, and to a lesser extent among the 

overweight and normal weight men. Because obese have a particular increased risk for diabetes and a considerable 

benefit from high CRF, fitness-enhancing physical activity should therefore be recommended for preventing diabetes 

among obese.  

 

6.0 ACKNOWLEDGEMENTS 

The Copenhagen Male Study was supported by grants from King Christian X Foundation, The Danish Medical 

Research Council, The Danish Heart Foundation, and Else & Mogens Wedell-Wedellsborg Foundation which had no 

role in the present study.  

 

The authors have no conflicts of interests. 

 

Gyntelberg initiated and performed the data collection for the study. Jensen performed the statistical analyses. 

Holtermann wrote the first draft of the overall manuscript, and Bauman wrote the discussion. All authors were actively 

involved in planning and discussions of the design, data analyses and writing of the manuscript. All authors have read 

the submitted version of the manuscript. 

 

 

 

 

 

 

 

 



  

   

 

 11 of 19 

 

REFERENCES 

 (1)  Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the prevalence of diabetes for 2010 and 2030. Diabetes 

Research and Clinical Practice 2010; 87:4-14 

 (2)  World Health Organization (WHO). Global report on diabetes. 2016. Geneva, Switzerland, WHO Press.  

 (3)  NCD Risk Factor Collaboration (NCD-RisC). Trends in adult body-mass index in 200 countries from 1975 to 

2014: a pooled analysis of 1698 population-based measurement studies with 19.2 million participants. The 

Lancet 2016; 387:1377-1396 

 (4)  Abdullah A, Peeters A, de Courten M, Stoelwinder J. The magnitude of association between overweight and 

obesity and the risk of diabetes: A meta-analysis of prospective cohort studies. Diabetes Research and Clinical 
Practice 2010; 89:309-319 

 (5)  Fildes A, Charlton J, Rudisill C, Littlejohns P, Prevost AT, Gulliford MC. Probability of an Obese Person 

Attaining Normal Body Weight: Cohort Study Using Electronic Health Records. Am J Public Health 2015; 

105:e54-e59 

 (6)  Daouli J, Davillas A, Demoussis M, Giannakopoulos N. Obesity persistence and duration dependence: 

Evidence from a cohort of US adults (1985Çô2010). Economics & Human Biology 2014; 12:30-44 

 (7)  Lavie CJ, McAuley PA, Church TS, Milani RV, Blair SN. Obesity and Cardiovascular Diseases: Implications 

Regarding Fitness, Fatness, and Severity in the Obesity Paradox. Journal of the American College of 

Cardiology 2014; 63:1345-1354 

 (8)  Laukkanen JA, Kurl S, Salonen JT. Cardiorespiratory fitness and physical activity as risk predictors of future 

atherosclerotic cardiovascular diseases. Current Atherosclerosis Report 2002; 4:468-476 

 (9)  Zaccardi F, O'Donovan G, Webb DR, Yates T, Kurl S, Khunti K et al. Cardiorespiratory fitness and risk of 

type 2 diabetes mellitus: A 23-year cohort study and a meta-analysis of prospective studies. Atherosclerosis 
2015; 243:131-137 

 (10)  Juraschek SP, Blaha MJ, Blumenthal RS, Brawner C, Qureshi W, Keteyian SJ et al. Cardiorespiratory Fitness 

and Incident Diabetes: The FIT (Henry Ford Exercise Testing) Project. Diabetes Care 2015; 38:1075 

 (11)  Wei M, Gibbons LW, Mitchell TL, Kampert JB, Lee CD, Blair SN. The association between cardiorespiratory 

fitness and impaired fasting glucose and type 2 diabetes mellitus in men. Annals of Internal Medicine 1999; 

130:89-96 

 (12)  Lee DC, Sui X, Church TS, Lee IM, Blair SN. Associations of Cardiorespiratory Fitness and Obesity With 

Risks of Impaired Fasting Glucose and Type 2 Diabetes in Men. Diabetes Care 2009; 32:257 

 (13)  Sawada SS, Lee IM, Muto T, Matuszaki K, Blair SN. Cardiorespiratory Fitness and the Incidence of Type 2 

Diabetes. Diabetes Care 2003; 26:2918 

 (14)  Sieverdes JC, Sui X, Lee DC, Church TS, McClain A, Hand GrA et al. Physical activity, cardiorespiratory 
fitness and the incidence of type 2 diabetes in a prospective study of men. Br J Sports Med 2010; 44:238 

 (15)  Jae SY, Franklin BA, Choo J, Yoon ES, Choi YH, Park WH. Fitness, Body Habitus, and the Risk of Incident 

Type 2 Diabetes Mellitus in Korean Men. American Journal of Cardiology 2016; 117:585-589 

 (16)  Kuwahara K, Uehara A, Kurotani K, Pham NM, Nanri A, Yamamoto M et al. Association of Cardiorespiratory 

Fitness and Overweight with Risk of Type 2 Diabetes in Japanese Men. PLoS One 2014; 9:e98508 

 (17)  Carnethon MR, Gidding SS, Nehgme R, Sidney S, Jacobs, Jr DR et al. Cardiorespiratory fitness in young 

adulthood and the development of cardiovascular disease risk factors. JAMA 2003; 290:3092-3100 



  

   

 

 12 of 19 

 

 (18)  Prince SA, Adamo KB, Hamel ME, Hardt J, Gorber SC, Tremblay M. A comparison of direct versus self-

report measures for assessing physical activity in adults: a systematic review. Int J Behav Nutr Phys Act 2008; 

5:56 

 (19)  Green A, Sortsø C, Jensen PB, Emneus M. Validation of the Danish National Diabetes Register. Clin 

Epidemiol 2015; 7:5-15 

 (20)  Gyntelberg F. Physical fitness and coronary heart-disease male residents in copenhagen aged 40-59. Danish 

Medical Bulletin 1973; 20:1-4 

 (21)  Jensen MT, Suadicani P, Hein HO, Gyntelberg F. Elevated resting heart rate, physical fitness and all-cause 
mortality: a 16-year follow-up in the Copenhagen Male Study. Heart Br Card Soc 2013; 99:882-887 

 (22)  Jensen MT, Holtermann A, Bay H, Gyntelberg F. Cardiorespiratory fitness and death from cancer: a 42-year 

follow-up from the Copenhagen Male Study. Br J Sports Med 2016; Epub ahead of print 

 (23)  Cink RE, Thomas TR. Validity of the Astrand-Ryhming nomogram for predicting maximal oxygen intake. Br 

J Sports Med 1981; 15:182-185 

 (24)  Suadicani P, Hein HO, Gyntelberg F. Serum validated tobacco use and social inequalities in risk of ischaemic 

heart disease. Int J Epidemiol 1994; 23:293-300 

 (25)  Svalastoga K. Prestige, class and mobility. Copenhagen: Munksgaard; 1959. 

 (26)  Barlow CE, Kohl HW3, Gibbons LW, Blair SN. Physical fitness, mortality and obesity. International Journal 

of Obesity and Related Metabolic Disorders 1995; 4:41-44 

 (27)  Lee S, Kuk JL, Katzmarzyk PT, Blair SN, Church TS, Ross R. Cardiorespiratory Fitness Attenuates Metabolic 

Risk Independent of Abdominal Subcutaneous and Visceral Fat in Men. Diabetes Care 2005; 28:895 

 (28)  Ekelund U, Luan J, Sherar LB, Esliger DW, Griew P, Cooper A. Association of moderate to vigorous physical 
activity and sedentary time with cardiometabolic risk factors in children and adolescents. JAMA 2012; 

307:704-712 

 (29)  Barry VW, Baruth M, Beets MW, Durstine LJ, Liu J, Blair SN. Fitness vs. fatness on all-cause mortality: A 

meta-analysis. Progress in Cardiovascular Diseases 2014; 56:382-390 

 (30)  Sloan RA, Haaland BA, Sawada SS, Lee IM, Sui X, Lee DC et al. A Fit-Fat Index for Predicting Incident 

Diabetes in Apparently Healthy Men: A Prospective Cohort Study. PLoS One 2016; 11:e0157703 

 (31)  Loprinzi PD, Edwards MK. CVD-related Fit-Fat Index on inflammatory-based CVD biomarkers. International 

Journal of Cardiology 2016; 223:284-285 

 (32)  Kriska AM, Saremi A, Hanson RL, Bennett PH, Kobes S, Williams DE et al. Physical activity, obesity, and the 

incidence of type 2 diabetes in a high-risk population. Am J Epidemiol 2003; 158:669-675 

 
 

 

 

 

 

 



  

   

 

 13 of 19 

 

FIGURE LEGENDS 

Figure 1. Flow-diagram - The Copenhagen Male Study 

Figure 2: The combined analyses of categories of body mass index (BMI) and tertiles of cardiorespiratory fitness (CRP) 

on incident diabetes with 44 years follow-up; adjusting for age, smoking status, tobacco use, systolic and diastolic blood 

pressure, self-reported physical activity, alcohol consumption and social class in the Copenhagen Male Study (n=4,998) 

Figure 3: The combined analyses of categories of body mass index (BMI) and self-reported leisure time physical 

activity on incident diabetes with 44 years follow-up; adjusting for age, smoking status, tobacco use, systolic and 

diastolic blood pressure, cardio-respiratory fitness, alcohol consumption and social class in the Copenhagen Male Study 

(n=4,998). 
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TABLES 

Table 1: Baseline characteristics of the Copenhagen Male Study, stratified into tertiles (low, middle and highest) of 

cardiorespiratory fitness (CRF) based on the Åstrand sub-maximal cycling test 

 
 

 

 

 

 All Low tertile 

CRF (15-29 

ml/kg/min) 

Middle tertile  

CRF (30-35 

ml/kg/min) 

Highest tertile   

CRF (36-73 

ml/kg/min) 

p-value 

N 
4988 

1672 1686 1630  

Dead, All-Cause, N (%) 
4347 (87.1%) 

1544 (92.3%) 1453 (86.2%) 1350 (82.8%) <0.001 

Incident Diabetes, N (%) 
518 (10.4%) 

202 (12.1%) 184 (10.9%) 132 (8.1%) <0.001 

Age at inclusion, years, mean (SD) 
48.7 (5.4) 

50.4 (5.3) 48.5 (5.3) 47.2 (5.0) <0.001 

CRF, ml/kg/min
1
, mean (SD) 

33.0 (7.2) 
25.6 (2.9) 32.4 (1.7) 41.2 (5.0) <0.001 

BMI, Normal weight, <25 kg/m2 
2388 (47.9%) 

547 (32.7%) 820 (48.6%) 1021 (62.6%) <0.001 

Overweight, 25-30 kg/m2 
2266 (45.4%) 

919 (55.0%) 773 (45.8%) 574 (35.2%)  

Obese, >30 kg/m2 
334 (6.7%) 

206 (12.3%) 93 (5.5%) 35 (2.1%)  

BMI, kg/m2, mean (SD) 
25.3 (3.0) 

26.4 (3.2) 25.3 (2.7) 24.3 (2.6) <0.001 

Systolic Blood Pres >140 mmHg, N (%) 
2058 (41.3%) 

946 (56.6%) 670 (39.7%) 442 (27.1%) <0.001 

Diastolic Blood Pres., mmHg, mean (SD) 
1539 (30.9%) 

692 (41.4%) 508 (30.1%) 339 (20.8%) <0.001 

Smoking, Never 
436 (8.7%) 

144 (8.6%) 146 (8.7%) 146 (9.0%) <0.001 

Former 
953 (19.1%) 

362 (21.7%) 335 (19.9%) 256 (15.7%)  

Present 
3599 (72.2%) 

1166 (69.7%) 1205 (71.5%) 1228 (75.3%)  

Grams tobacco/ day, mean (SD) 
14.1 (11.7) 

13.2 (11.5) 13.9 (11.7) 15.1 (11.8) <0.001 

Self-reported Physical Activity, Light 
854 (17.1%) 

370 (22.2%) 291 (17.3%) 193 (11.8%) <0.001 

Moderate 
3587 (72.0%) 

1165 (69.8%) 1231 (73.1%) 1191 (73.1%)  

High 
544 (10.9%) 

135 (8.1%) 163 (9.7%) 246 (15.1%)  

Alcohol, Light 
4033 (80.9%) 

1272 (76.1%) 1393 (82.6%) 1368 (83.9%) <0.001 

Moderate 
782 (15.7%) 

323 (19.3%) 233 (13.8%) 226 (13.9%)  

Heavy 
173 (3.5%) 

77 (4.6%) 60 (3.6%) 36 (2.2%)  

Social Class,  Upper 
828 (16.6%) 

259 (15.5%) 271 (16.1%) 298 (18.3%) 0.24 

Middle 
1405 (28.2%) 

487 (29.2%) 473 (28.1%) 445 (27.3%)  

Lower 
2749 (55.2%) 

922 (55.3%) 940 (55.8%) 887 (54.4%)  
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Table 2: Cardiorespiratory fitness (CRF) by continuous measures of ml/kg/min
1 

and by tertile, and categories of body 

mass index (BMI) and risk of diabetes incidence in the Copenhagen Male Study 

 No. 

subjects 

No. diabetes 

incidence 

Age-adjusted HR 

(95%CI) 

P-value Multi-adjusted 

HR* (95% CI) 

P-value 

Cardiorespiratory fitness (CRF) 

CRF pr 10-unit 

increase  in 

ml/kg/min
1
 

4988 518 0.63 (0.55;0.72) <0.001 0.86 (0.75;0.98) <0.05 

Low tertile CRF  

(15-29 ml/kg/min
1
) 

1672 202 1a  1a  

Middle tertile CRF  

(30-35 ml/kg/min
1
) 

1686 184 0.75 (0.61;0.92) <0.01 0.95 (0.77;1.16) 0.61 

Highest tertile CRF 

(36-78 ml/kg/min
1
) 

1630 132 0.49 (0.39;0.61) <0.001 0.79 (0.62;1.00) <0.05 

Body mass index (BMI) 

Normal weight 

<25 kg/m2 

2388 136 1a  1a  

Overweight 

25-30 kg/m2 

2266 301 2.66 (2.17;3.26) <0.001 2. 27 (1.84;2.81) <0.001 

Obese 

>30 kg/m2 

334 81 6.87 (5.21;9.06) <0.001 4. 89 (3.62;6.61) <0.001 

a: Reference. HR: Hazard Ratio. 

* Adjusted for age, smoking status, grams of tobacco per day, systolic and diastolic blood pressure, self-reported 

physical activity, alcohol consumption, social class and BMI or CRF.  
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FIGURES 
 

Figure 1 
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Figure 2 
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Figure 3 
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Highlights 

- Cardiorespiratory fitness (CRF) and obesity show contrasting independent associations with diabetes 

- CRF was shown not to have an equivalent effect on diabetes across levels of fatness 

- The protective effects of CRF seem particularly strong among obese men 

- Fitness-enhancing physical activity should be recommended for preventing diabetes among obese 

 

 


