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Abstract  34 

Background: Physical activity has been shown to reduce the risk of colon, endometrial and 35 

postmenopausal breast cancer. The aim of this study was to quantify the proportion of the cancer 36 

burden in the Nordic countries linked to insufficient levels of leisure time physical activity and 37 

estimate the potential for cancer prevention for these three sites by increasing physical activity 38 

levels. 39 

Methods: Using the Prevent macro-simulation model, the number of cancer cases in the Nordic 40 

countries over a 30-year period (2016-2045) was modeled, under different scenarios of increasing 41 

physical activity levels in the population, and compared to the projected number of cases if constant 42 

physical activity prevailed. Physical activity (moderate and vigorous) was categorized according to 43 

metabolic equivalents (MET) hours in groups with sufficient physical activity (15+ MET-44 

hours/week), low deficit (9-<15 MET-hours/week), medium deficit (3-<9 MET-hours/week) and 45 

high deficit (<3 MET-hours/week).  46 

Results: If no one had insufficient levels of physical activity, about 11,000 colon, endometrial and 47 

postmenopausal breast cancer cases could be avoided in the Nordic countries in a 30-year period, 48 

which is 1% of the expected cases for the three cancer types. With a 50% reduction in all deficit 49 

groups by 2025 or a 100% reduction in the group of high deficit approximately 0.5% of the 50 

expected cases for the three cancer types could be avoided. The number and percentage of 51 

avoidable cases was highest for colon cancer. 52 

Conclusion: 11,000 cancer cases could be avoided in the Nordic countries in a 30-year period, if 53 

deficit in physical activity was eliminated. 54 

  55 
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Introduction 56 

 57 

Strong evidence shows that physical activity of both moderate and vigorous intensity has a direct 58 

protective effect against cancer of the colon, breast (post-menopause) and endometrium (1-4), and 59 

potentially decreases the risk of more cancer sites (5, 6). Despite the fact that physical activity 60 

decreases the risk of several diseases, a fourth of the adult population worldwide does not meet the 61 

minimum guidelines (7). From 2001 to 2016, the prevalence of physical inactivity increased almost 62 

six percentage points in high-income Western countries (including Denmark, Sweden, Finland and 63 

Norway) resulting in 36,8% of the population with an insufficient physical activity level in 2016 64 

(7). It is therefore relevant to estimate the impact of an increase in the level of physical activity on 65 

cancer incidence. This is, to our knowledge, the first study aimed at estimating the total number and 66 

proportion of preventable cases for breast, colon, and endometrial cancers in the Nordic countries 67 

according to different scenarios of increased levels of physical activity.  68 

 69 

 70 

Material and Methods 71 

 72 

The Prevent macro simulation model (8, 9) was used to model projections of the number of cancer 73 

cases in the Nordic countries in the 30-year period 2016-2045. A more detailed description of the 74 

Prevent model can be found elsewhere (9, 10), and we used a similar approach as in other Nordic 75 

studies to estimate avoidable cancers according to changes in prevalence of smoking, alcohol 76 

consumption and overweight/obesity (11-13). We applied the Prevent model separately to each 77 

country and to the 3 cancer sites investigated – postmenopausal breast (defined as breast cancer 78 

diagnosed at age 50 and above), colon and endometrial cancer – and for 3 investigated hypothetical 79 
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scenarios (see below). The Prevent model requires data on disease incidence, projected population 80 

size, risk factor prevalence, relative risk (RR) estimates and changes in risk factor prevalence under 81 

hypothetical scenarios of interest. 82 

 83 

Incidence rates, by cancer site, country, gender and age groups, were based on the incidence during 84 

the years 2009-2013 and obtained from NORDCAN (14-16). Table 1 lists the ICD-codes used to 85 

define the cancer sites and the average annual number of cases in the Nordic countries. The 86 

estimated population size in the years 2016-2045, by gender and five-year age groups, was obtained 87 

from population projections by the statistical bureaus in the respective countries (17-21).  88 

 89 

Data from the Nordic Monitoring System on diet, physical activity and overweight in the Nordic 90 

Countries (the NORMO study), which includes self-reported survey data for physical activity, was 91 

used to estimate current activity levels in the Nordic countries. The information on leisure time 92 

(including transportation) physical activity was converted from hours to metabolic equivalents 93 

hours (MET-h), based on the assumption that 1 hour of moderate intensity physical activity 94 

corresponds to 3 MET-h and 1 hour of vigorous intensity physical activity corresponds to 6 MET-h 95 

(22). We then categorized the MET-h per week in <3, 3-<9, 9-<15, 15+, and refer to these groups as 96 

high deficit, medium deficit, and low deficit in physical activity and reference group (sufficient 97 

level of physical activity). The data used in Prevent are the proportion of individuals, by country, 98 

gender and age group, in each of the categories, in 2011 and 2014. More information about the data 99 

can be found in Appendix A, together with the prevalence in each category in year 2014 by country, 100 

gender and age group. 101 

 102 



6 
 

We assumed that 15 or more MET-h per week is sufficient to avoid increased risk of cancer. This is 103 

higher than the general WHO recommendation, but this cutoff has been used previously for 104 

estimating the population attributable fraction (PAF) of physical activity on cancer (23), and for 105 

cancer prevention, it is likely that the greater the amount of physical activity the greater the benefit 106 

(24). The RRs for low deficit (9-<15 MET-h per week), medium deficit (3-<9), and high deficit 107 

(<3), were estimated based on results from the World Cancer Research Fund Continuous Update 108 

Project (WCRF CUP)(1), and are presented in Table 1. The RRs from the WCRF CUP give the 109 

decrease in risk with increasing physical activity. We used an approach similar to Parkin (23) to 110 

transform the RR estimates to RR for each of the categories of deficit in physical activity. The 111 

WCRF CUP does not present a RR per MET-h for endometrial cancer, so for endometrial cancer 112 

we used the same RR as for breast cancer, which again is the approach used by Parkin (23). A more 113 

detailed description of the calculation of RR estimates is found in Appendix B. To take into account 114 

that the introduction of a change in prevalence will take some time to reach its full effect, the 115 

Prevent model includes a LAT and LAG time. During the LAT time the risk remains unchanged, 116 

and during the LAG time the risk among previously exposed gradually changes to reach the risk 117 

among never exposed (or unexposed). We used a LAT time of 1 year and a LAG time of 9 years, 118 

with the relative risk changing linearly during the LAG time.  119 

 120 

We investigated three hypothetical scenarios A, B, and C, to show the potential impact of changes 121 

in physical activity levels on the cancer burden relative to continued constant physical activity 122 

levels.   123 

A. Elimination of insufficient levels of physical activity in 2016 124 
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The prevalence of high, moderate and low deficit in MET-h was set to 0. This is equivalent 125 

to everyone engaging in physical activity of at least 15 MET-h per week from the year 2016. 126 

This is comparable to PAF estimates. 127 

B. 50% reduction of proportion in each of the groups with insufficient levels of 128 

physical activity (<15 MET-h per week) by 2025 129 

Within this scenario, the prevalence in all groups of deficit (i.e. <15 MET-h per week) 130 

decreases with a constant annual percentage change for 10 years, so that the country-, age- 131 

and gender-specific prevalence within each group is reduced by 50% by 2025.  132 

C. No one is in the group with high deficit  (<3 MET-h per week) by 2025 133 

Within this scenario the prevalence in the group with high deficit in physical activity (i.e. <3 134 

MET-h per week) is set to 0% by year 2025, by first changing the country-, age- and gender-135 

specific prevalence with a constant annual percentage change for 9 years reaching 0.1% in 136 

2024, and then dropping to 0% in 2025.  137 

All scenarios were assumed to start in 2016 to allow for comparisons with our estimates for the 138 

Nordic countries made for other modifiable risk factors (11-13). The number of avoidable 139 

postmenopausal breast, colon and endometrial cancers under each scenario was calculated for the 140 

30-year period 2016-2045. All scenarios were applied separately to each age and gender-specific 141 

prevalence, and it is assumed that interventions move individuals to the group with sufficient level 142 

of physical activity (i.e. at least 15 MET-h per week), so the decrease in any of the groups with 143 

insufficient level of physical activity (low deficit (9-<15 MET-h per week), medium deficit (3-<9), 144 

and high deficit (0-<3)) leads to an increase in the group with sufficient level of physical activity 145 

(15+ MET-h per week). 146 

 147 
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Sensitivity analyses were carried out to estimate the influence of varying LAT and LAG as well as 148 

the inclusion of a trend in cancer incidence, and are described in Appendix C.  149 

 150 

 151 

Results 152 

 153 

The numbers and percentages of avoidable cancers in the Nordic countries, for the whole 30-year 154 

study period and for the year 2045 alone are presented in Table 2, by cancer site and scenario. 155 

Under constant levels of physical activity (base scenario), approximately 1.2 million cancer cases 156 

are expected for the 3 studied cancer sites in the Nordic countries over the period 2016-2045. In 157 

total, 11,000 cancers out of these could be avoided by eliminating deficit in physical activity 158 

(scenario A), which corresponds to 0.9% of the expected number of cases for these 3 sites (Table 2). 159 

The highest numbers and percentage of avoidable cancers are seen for colon cancer (6400 cases, 160 

1.3%). 161 

  162 

Scenarios B and C give very similar results, indicating that approximately 0.5% of the expected 163 

number of cases for these three cancer types could be avoided. Small differences in the percentage 164 

of avoidable cancers were seen across countries (Tables 3-7). The results from the sensitivity 165 

analyses are presented in Appendix C. The number of avoidable cancers differs somewhat between 166 

the different sensitivity analyses, but the percentage of avoidable cancers is fairly robust. 167 

 168 

 169 

Discussion 170 

 171 
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We estimated the number of avoidable cancers of the breast, colon and endometrium in the Nordic 172 

countries in a 30-year period under different scenarios of improvement in leisure time physical 173 

activity levels, compared to current levels. About 11,000 of these cancer cases could be avoided if 174 

everyone in the Nordic countries had a sufficient level of physical activity, which corresponds to 175 

0.9% of the expected number of cases for the three cancer types where physical activity has been 176 

shown to reduce the risk. Similar results were observed between the two other scenarios, either 177 

reducing all groups with insufficient physical activity levels by 50% (scenario B), or eliminating the 178 

group with lowest levels of physical activity (scenario C).  179 

 180 

When comparing our results for the year 2045 alone, which is beyond the influence of LAT and 181 

LAG times, with estimates of the PAF from other studies (23, 25-29), our results are lower. This is 182 

probably because the Nordic populations tend to be more physically active, compared to other 183 

western populations (7) but also due to differences in the way the calculations were made. A 184 

comparison of the PAF estimates across studies is difficult, because of a great heterogeneity 185 

between studies. The methodology for measuring physical activity, differing definitions of 186 

sufficient levels of physical activity, varying effect sizes of the RR estimates, as well as measures of 187 

different domains of physical activity (i.e. occupational, leisure time, and total), lead to differing 188 

PAF-values. We based our calculations on the RR estimates for recreational physical activity in 189 

MET-h published by the WCRF CUP (1), with a lower reduction in risk compared to the RR 190 

estimates used by Parkin and others (23, 26, 27), and lower than indicated by other studies (25, 30). 191 

De Vries et al. used the Prevent model to estimate the impact of increasing physical activity on 192 

colon cancer incidence in 7 European countries. They found the proportion of avoidable cancer 193 

cases in Denmark to be 6% for males and 11% for females in a 30-year period (31). The reason for 194 

the large discrepancy between our study and the results from de Vries et al. is likely due to the use 195 
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of different RR estimates, but to some extent also because of a difference in how physical activity 196 

was measured and categorized. The RR estimates in the study by de Vries et al. were close to RR 197 

estimates seen in other studies when comparing lowest to highest groups in terms of physical 198 

activity, but they applied the RR estimates to all subjects with less than recommended levels of 199 

physical activity in comparison to those with physical activity levels according to 200 

recommendations. 201 

 202 

For prevention of cancer, the optimal levels of physical activity according to domain, intensity, and 203 

frequency are not well established. However, there is strong evidence for a dose-response 204 

relationship between increasing levels of physical activity and reduced risk of breast and colon 205 

cancer, as well as moderate evidence of a dose-response effect for endometrial cancer (32). WHO 206 

recommends at least 150 minutes of moderate or 75 minutes of vigorous physical activity weekly, 207 

which is equivalent to 7.5 MET-h. However, we estimated the number of avoidable cancer cases 208 

based on the assumption that sufficient physical activity requires 15 MET-h or more weekly. This 209 

cut-off point is in accordance with the cut-off point used by Parkin (23). In addition, the cut-off 210 

point is in accordance with WHO’s statement that for additional health benefits, adults should 211 

increase their moderate or vigorous intensity physical activity to 300 minutes or 150 minutes per 212 

week, respectively. One should also keep in mind, that the minimum WHO guidelines for physical 213 

activity are not specifically defined for reducing cancer risk, but rather to be generic in relation to 214 

reducing the risk of several non-communicable diseases. 215 

 216 

Our study has some limitations. NORMO data for physical activity are self-reported, and it is well 217 

known that people tend to overestimate their level of physical activity(33). In the collection of data, 218 

the participants were told to round the level of both moderate and vigorous activities to the nearest 219 
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half hour, which could potentially lead to overestimation of the physical activity level. In order to 220 

counteract this potential bias, we used conservative estimates of MET-h. Second, we used RR 221 

estimates for breast cancer to estimate the number of preventable cancers of endometrial cancer, a 222 

similar approach as Parkin (23). Third, we based our calculations on a single domain of physical 223 

activity (leisure time including transportation), and it might not reflect the total level of physical 224 

activity of the population. Additionally, we did not differentiate the type of recreational physical 225 

activity i.e. running, gardening etc., since the data does not allow this distinction. This does not 226 

allow for a nuanced estimation for each of the Nordic countries, where e.g. cycling as transportation 227 

(4.0-6.8 MET-h) is dominant in Denmark, in contrast to cross country skiing (6.8-9.0 MET-h) 228 

which is more common in Norway, Finland and Sweden (34).  229 

 230 

 231 

One limitation of the Prevent model is that it does not provide any uncertainty measure, such as 232 

confidence intervals. It is therefore important to do sensitivity analyses, which in our study indicates 233 

that the percentage of avoidable cancers is fairly robust to changes in LAT and LAG times, as well 234 

as to incorporating a trend in the cancer incidence. Even so, the results should be interpreted with 235 

caution, as the main purpose of the model is not to produce valid estimates of the future cancer 236 

burden, but rather show the difference in the number of cases under different levels of exposure 237 

prevalence.  238 

 239 

We did not take any other changes in modifiable risk behavior into consideration, which could have 240 

an undefined impact on the results. Increased levels of physical activity could potentially result in 241 

reduced sedentary behavior and healthier dietary habits. Evidence suggests that physical activity 242 

and sedentary behavior may be inversely correlated (35), but we did not include data for sedentary 243 
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behavior. However, it would be relevant to perform similar calculations on preventable cancer cases 244 

and the potential of reducing sedentary behavior such as TV-viewing and computer screen time in 245 

the Nordic countries, since sedentary behavior is considered an independent risk factor of several 246 

types of cancer (32, 36).  247 

 248 

Furthermore, we did not adjust for the interaction with overweight. An increase in physical activity 249 

could also lead to a lower prevalence of overweight and obesity, which would add to the number of 250 

avoidable cancer cases. Our previous study showed that an elimination of overweight and obesity in 251 

the Nordic countries would avoid 40,000 postmenopausal breast cancer cases in a 30-year period, 252 

45,000 colon cancer cases and 33,000 endometrial cancer cases (11). 253 

 254 

In addition, we have chosen to include the cancer sites for which there is strong evidence of a 255 

protective effect of physical activity. Studies have shown that more cancer sites than those included 256 

here could be associated with insufficient physical activity (5, 6), and the number of avoidable 257 

cancers could therefore be larger. For instance, Moore et al. found an inverse association between 258 

physical activity and the risk of oesophageal adenocarcinoma, cancers of the liver, lung, kidney, 259 

bladder, head and neck, rectum, gastric cardia as well as myeloid leukemia and myeloma, in 260 

addition to the three sites included in our study, namely colon, endometrial and postmenopausal 261 

breast cancer (5). Still, the literature is conflicting and many studies only compare groups with 262 

highest and lowest physical activity levels which is not enough for our calculations. 263 

 264 

Our results show a potential of increasing physical activity for cancer prevention in the Nordic 265 

countries. From a public health perspective, it is also important to increase the level of physical 266 
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activity since regular physical activity prevents several other non-communicable diseases e.g. 267 

cardiovascular diseases, type 2 diabetes mellitus, and overweight and obesity (37-40). Hence, 268 

interventions aiming to raise the level of physical activity in the Nordic countries should be 269 

prioritized. However, interventions as well as physical activity recommendations to the public 270 

should be held at a realistic level in order to encourage the population to adopt a more physically 271 

active lifestyle. Engaging in 5 hours physical activity with moderate intensity per week 272 

corresponding to at least 15 MET-h, might be considered realistic for the Nordic populations to 273 

achieve (scenario A), but it would probably take years of structural changes and interventions to 274 

achieve. In addition, our estimations revealed an effect of about 4600 preventable cases, if all 275 

groups with insufficient levels of physical activity were reduced by 50%, or if the group with least 276 

physical activity was eliminated. These are more realistic scenarios. Either way, it requires political 277 

endorsement, infrastructural policy development and effective health policies as well as the 278 

engagement of health organizations, public health authorities, and other relevant stakeholders 279 

working in close cooperation and over a long time to plan and implement effective structural 280 

changes and long-term interventions aiming to increase the levels of physical activity in the Nordic 281 

countries.  282 
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Table 1: Cancer sites, relative risk (RR) estimates and the average annual incident cases (2009-397 

2013) in the Nordic countries. 398 

 399 

 400 

 401 

 402 

 403 

 404 

  405 

Cancer site ICD-10 
code  

Avg. # cases 
per year in 
the Nordic 
countries 

Relative risk 

Low deficit  
(9-<15 MET-
hours per week) 
 

Moderate deficit  
(3-<9 MET- 
hours per week) 

High deficit  
(<3 MET- hours 
per week) 
 

Breast, age 50+ C50 16139 1.006 1.018 1.028 

Colon C18 11280 1.012 1.037 1.056 

Endometrium C54 3736 1.006 1.018 1.028 
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Table 2: Number (#) and percentage of avoidable cancers during 2016-2045 and in 2045 in the 406 

Nordic countries, under different scenarios of physical activity levels, compared to constant levels. 407 

(The numbers in parentheses refer to the single year 2045.) 408 

Cancer site Scenario A* Scenario B§ Scenario C† 

# % # % # % 

Breast, age 50+ 3546 0.6 1513 0.3 1467 0.3 

(153) (0.7) (76) (0.4) (68) (0.3) 

Colon 6413 1.3 2769 0.6 2812 0.6 

(294) (1.6) (147) (0.8) (136) (0.7) 

Endometrium 
 

857 0.6 369 0.3 351 0.3 

(38) (0.7) (18) (0.3) (15) (0.3) 

Total** 10816 0.9 4651 0.4 4630 0.4 

(484) (1.1) (241) (0.5) (219) (0.5) 

*A total elimination of deficit in physical activity in year 2016. 409 

§ 50% reduction of proportion in all groups with <15 MET-hours per week by 2025.  410 

† No one with <3 MET-hours per week by 2025. 411 

** Percentage of avoidable cancer cases out of total number of expected cases for the 3 selected cancer sites412 
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Table 3: Number (#) and percentage of avoidable cancers during 2016-2045 and in 2045 in 

Denmark, under different scenarios of physical activity levels, compared to constant levels. (The 

numbers in parentheses refer to the single year 2045.) 

Cancer site Scenario A* Scenario B§ Scenario C† 

# % # % # % 

Breast, age 50+ 930 0.6 395 0.3 415 0.3 

(38) (0.7) (19) (0.4) (18) (0.3) 

Colon 1574 1.3 676 0.6 742 0.6 

(71) (1.5) (35) (0.8) (35) (0.8) 

Endometrium 
 

179 0.6 76 0.3 82 0.3 

(8) (0.8) (4) (0.4) (4) (0.4) 

Total** 2683 0.9 1147 0.4 1239 0.4 

(117) (1.1) (58) (0.5) (57) (0.5) 

*A total elimination of deficit in physical activity in year 2016. 

§ 50% reduction of proportion in all groups with <15 MET-hours per week by 2025.  

† No one with <3 MET-hours per week by 2025. 

** Percentage of avoidable cancer cases out of total number of expected cases for the 3 selected cancer sites 
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Table 4: Number (#) and percentage of avoidable cancers during 2016-2045 and in 2045 in 

Finland, under different scenarios of physical activity levels, compared to constant levels. (The 

numbers in parentheses refer to the single year 2045.) 

Cancer site Scenario A* Scenario B§ Scenario C† 

# % # % # % 

Breast, age 50+ 672 0.5 283 0.2 252 0.2 

(29) (0.6) (14) (0.3) (12) (0.3) 

Colon 903 1.2 388 0.5 376 0.5 

(40) (1.4) (20) (0.7) (17) (0.6) 

Endometrium 
 

154 0.5 66 0.2 56 0.2 

(6) (0.6) (3) (0.3) (2) (0.2) 

Total** 1729 0.7 737 0.3 684 0.3 

(75) (0.9) (37) (0.4) (31) (0.4) 

*A total elimination of deficit in physical activity in year 2016. 

§ 50% reduction of proportion in all groups with <15 MET-hours per week by 2025.  

† No one with <3 MET-hours per week by 2025. 

** Percentage of avoidable cancer cases out of total number of expected cases for the 3 selected cancer sites 
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Table 5: Number (#) and percentage of avoidable cancers during 2016-2045 and in 2045 in Iceland, 

under different scenarios of physical activity levels, compared to constant levels. (The numbers in 

parentheses refer to the single year 2045.) 

Cancer site Scenario A* Scenario B§ Scenario C† 

# % # % # % 

Breast, age 50+ 57 0.8 25 0.3 31 0.4 

(3) (1.0) (1) (0.3) (2) (0.6) 

Colon 78 1.6 34 0.7 46 1.0 

(4) (2.0) (2) (1.0) (3) (1.5) 

Endometrium 
 

9 0.8 4 0.3 5 0.4 

(0) (0) (0) (0) (0) (0) 

Total** 144 1.1 63 0.5 82 0.6 

(7) (1.3) (3) (0.5) (5) (0.9) 

*A total elimination of deficit in physical activity in year 2016. 

§ 50% reduction of proportion in all groups with <15 MET-hours per week by 2025.  

† No one with <3 MET-hours per week by 2025. 

** Percentage of avoidable cancer cases out of total number of expected cases for the 3 selected cancer sites 
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Table 6: Number (#) and percentage of avoidable cancers during 2016-2045 and in 2045 in 

Norway, under different scenarios of physical activity levels, compared to constant levels. (The 

numbers in parentheses refer to the single year 2045.) 

Cancer site Scenario A* Scenario B§ Scenario C† 

# % # % # % 

Breast, age 50+ 624 0.7 269 0.3 245 0.3 

(28) (0.8) (14) (0.4) (12) (0.3) 

Colon 1666 1.4 726 0.6 670 0.6 

(80) (1.6) (40) (0.8) (34) (0.7) 

Endometrium 
 

195 0.7 84 0.3 74 0.3 

(9) (0.8) (4) (0.3) (3) (0.3) 

Total** 2485 1.0 1079 0.5 989 0.4 

(117) (1.2) (58) (0.6) (49) (0.5) 

*A total elimination of deficit in physical activity in year 2016. 

§ 50% reduction of proportion in all groups with <15 MET-hours per week by 2025.  

† No one with <3 MET-hours per week by 2025. 

** Percentage of avoidable cancer cases out of total number of expected cases for the 3 selected cancer sites 
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Table 7: Number (#) and percentage of avoidable cancers during 2016-2045 and in 2045 in 

Sweden, under different scenarios of physical activity levels, compared to constant levels. (The 

numbers in parentheses refer to the single year 2045.) 

Cancer site Scenario A* Scenario B§ Scenario C† 

# % # % # % 

Breast, age 50+ 1263 0.6 541 0.3 524 0.3 

(55) (0.7) (28) (0.4) (24) (0.3) 

Colon 2192 1.3 945 0.6 978 0.6 

(99) (1.6) (50) (0.8) (47) (0.7) 

Endometrium 
 

320 0.6 139 0.3 134 0.3 

(14) (0.7) (7) (0.4) (6) (0.3) 

Total** 3775 0.9** 1625 0.4** 1636 0.4** 

(168) (1.0) ** (85) (0.5) ** (77) (0.5) ** 

*A total elimination of deficit in physical activity in year 2016. 

§ 50% reduction of proportion in all groups with <15 MET-hours per week by 2025.  

† No one with <3 MET-hours per week by 2025. 

** Percentage of avoidable cancer cases out of total number of expected cases for the 3 selected cancer sites 


