
Original Research

Sports participation and health care costs in older adults aged 50 years or more

Running title: Sports and costs

Jamile S. Codogno, Henrique L. Monteiro, Bruna C. Turi-Lynch, Romulo A.

Fernandes, Subhash Pokhrel and Nana Anokye 

Codogno and Fernandes are with the Department of Physical Education, Sao Paulo 

State University - UNESP, campus of Presidente Prudente, Sao Paulo, Brazil.

Monteiro is with the Department of Physical Education, Sao Paulo State University -

UNESP, campus of Bauru, Sao Paulo, Brazil.

Turi-Lynch is with the Department of Physical Education & Exercise Science, Lander 

University, Greenwood, South Carolina, USA.

Pokhrel and Anokye are with the Health Economics Research Group, Brunel 

University, London, England.

Corresponding author:

Jamile Sanches Codogno, PhD

Department of Physical Education, Sao Paulo State University, Presidente Prudente, 

Sao Paulo, Brazil. 305 Roberto Simonsen Street. Zipcode 19060-900

Telephone: +55(18)32295712; Email: jamile.codogno@unesp.br



 Running head: Sports and costs  1 

 

 

Sports participation and health care costs in older adults aged 50 years or more1 

Running head: Sports and costs2 

Abstract3 

The objective of the study was to analyze the relationship between sports 4 

participation and health care costs in older adults. The sample was composed of 5565 

participants (145 men and 411 women) who were followed from 2010 to 2014. The 6 

engagement in sports considered three different components (intensity, volume and 7 

previous time). Health care costs were assessed annually through medical records. 8 

Structural Equation Modelling (SEM) (longitudinal relationship between sport and 9 

costs) and analysis of variance (ANOVA) for repeated measures (comparisons over 10 

time) were used. Health care costs increased significantly from 2010 to 2014 11 

(ANOVA; p-value= 0.001). Higher baseline scores for intensity were related to 12 

lower health care costs (r= -0.223 [-0.404 to -0.042]). Similar results were found to 13 

volume (r= -0.216 [-0.396 to -0.036]) and time of engagement (r= -0.218 [-0.402 to -14 

0.034]). In conclusion, higher sports participation is related to lower health care costs 15 

in older adults.16 

17 

Keywords: sports medicine, Health Costs, sport.18 
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Introduction19 

Population aging, physical inactivity and the increased occurrence of chronic 20 

diseases drive up public health care expenditures around the globe (Davis et al., 21 

2014; Officer, 2009). Despite well-documented evidence on the significant health 22 

benefits of physical activity (PA), insufficient physical activity remains a global 23 

public health problem. World Health Organization reports that in 2010 24 

approximately 23% of adults were insufficiently active (WHO, 2014), while 25 

insufficient physical activity was responsible for approximately 9% of early 26 

mortality worldwide in 2008 (Lee et al., 2012).27 

Sports participation is one of the most relevant manifestations of physical 28 

exercise, and is highly common during childhood and adolescence, but decreases in 29 

adulthood and it get even lower among older adults (Eime et al., 2016). Also, sports 30 

participation is the major contributor towards people achieving the minimum PA 31 

recommendations (Garber et al., 2011). Epidemiological surveys have identified the 32 

positive impact of sports participation on cardiovascular and metabolic outcomes, as 33 

well as improvements in mental health indicators among adults (Fernandes & 34 

Zanesco, 2010; Marlier et al., 2015).35 

Although sports participation among adults may play a role in the mitigation 36 

of health care costs due to its potential to prevent diseases, the nature of this 37 

relationship is not clear. The scarce evidence available is based on cross-sectional 38 

data (Codogno et al., 2015). In developed countries, evidence shows that between 39 

1% and 2.6% of all health care costs are due to physical inactivity (Pratt, Norris, 40 

Lobelo, Roux, & Wang, 2014), while in emergent countries it is estimated that 41 

physical inactivity is responsible for 1% of overall costs in primary health care42 
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(Codogno et al., 2015), and nearly 15% of inpatient costs (Bielemann, Silva, Coll, 43 

Xavier, & Silva, 2015).44 

While cross-sectional data identify a significant association between sports 45 

participation and lower expenditures on medication (Codogno et al., 2015), the 46 

methodological design does not offer support to longitudinal inferences (particularly 47 

when regular engagement in exercise routines is more beneficial to health than its 48 

erratic practice) (Shiroma, Sesso, Moorthy, Buring, & Lee, 2014). Moreover, it is not 49 

clear which component of sports participation (intensity, volume and the previous 50 

time of engagement) would have a more significant effect on health and mortality, 51 

leading to mitigation of health care costs. Drenowatz et al. (2016) (Drenowatz, 52 

Prasad, Hand, Shook, & Blair, 2016) show that, although moderate and vigorous 53 

activities can improve overall health, vigorous activities are more likely to increase 54 

cardiorespiratory fitness, while moderate activities have a favorable association with 55 

changes in body composition. On the other hand, although sports participation 56 

constitutes a relevant manifestation of exercise in the modern society (Blauwet et al., 57 

2016; Freitas, Osorio-de-Castro, Shoaf, Silva, & Miranda, 2016; Sallis et al., 2016)58 

and embraces moderate and vigorous PA, the influence of its components on 59 

mitigation of health care costs is still unclear.60 

Therefore, this study aimed to analyze the longitudinal relationship between 61 

sports participation (intensity, duration and the previous time of engagement) and 62 

health care costs in older adults aged 50 years or more.63 

The initial hypothesis of this study states that sports participation would 64 

mitigate health care costs in older adults over time, while its components would 65 

similarly affect health care costs.66 

67 



 Running head: Sports and costs  4 

 

 

Methods68 

Sample69 

This is an ongoing cohort study carried out in Sao Paulo State (city of 70 

Bauru), Brazil, which started in August 2010. Bauru, a mid-sized Brazilian city 71 

(~367,000 inhabitants and high human development index= 0.801) located in the 72 

central region of São Paulo State (most industrialized Brazilian state). Participants 73 

were randomly selected in five basic health care units (BHU) (small-to-medium size 74 

healthcare facilities) under the administration of the Brazilian National Health 75 

Service (NHS). -old attended by these 76 

five BHU was provided by the local Department of Health. After that, a random 77 

selection process took place in order to select patients who would be invited by78 

phone contact to participate (1,915 patients were randomly selected to be contacted 79 

by telephone [this overall number of potential participants was estimated considering 80 

that there would be one refusal per two subjects invited to take part in the study]).81 

Random selection process was carried out using the statistical software Statistical 82 

Package for the Social Sciences version 13.0 (Select Cases > Random sample of 83 

cases > Sample > Inserted the number of cases to be randomly selected).84 

In the NHS, each BHU caters to people living in a specific geographical 85 

region of the city (neighborhoods around the BHU), providing access to several 86 

health professionals (e.g., dentist, general practitioner, gynecologist, obstetrician, 87 

pediatrician, and psychiatrist). BHUs also offer health services such as vaccinations, 88 

delivery of prescribed medication and management of patients with chronic diseases, 89 

such as arterial hypertension and diabetes mellitus (Codogno, Fernandes, Sarti, 90 

Freitas Junior, & Monteiro, 2011). Services are free of charge and focus exclusively 91 



 Running head: Sports and costs  5 

 

 

on prevention (primary care services). Emergency cases, surgical procedures, and 92 

complex examinations are directed to hospitals linked to NHS.93 

At baseline (2010), the local Department of Health designated the five94 

biggest BHU to host the cohort study. The city had 17 BHU in 2010, and the five 95 

units indicated by the local Department of Health were spread out in different 96 

geographical regions of the city (north, south, west, east and downtown).97 

Taking into account the list of 1,915 patients, all these potential participants 98 

were contacted by telephone to check inclusion criteria: age >50 years, registration99 

for at least one year at the BHU and have at least one medical appointment in the 100 

past six months. Upon the telephone contact, trained staff interviewed participants 101 

every two years (first interview [2010] was performed at the BHU, while the 102 

subsequent interviews [2012 and 2014] were performed through telephone contact). 103 

All participants signed a written consent form before participation, while the Ethical 104 

Research Commit of the XXX XXXXX XXXXX XXXXXXXXXX, Bauru, has 105 

approved the research.106 

At baseline, 970 older adults (194 from each BHU) fulfilled all inclusion 107 

criteria and agreed to participate. From 2010 to 2014, 59 participants died and thus 108 

they were excluded, as well as 355 participants were excluded from the sample due 109 

to the absence of measures of PA either 2012 or 2014. Therefore, this study presents 110 

information from 556 participants tracked from 2010 to 2014 with no missing data. 111 

The minimum sample size of 147 participants was calculated considering a 112 

relationship between physical activity and health care costs in older adults of r = -113 

0.23 (Codogno et al. 2011), statistical power of 80% and an alpha error of 5% (Z= 114 

1.96) (Miot, 2011). Potential sample selection bias was assessed by examining 115 
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systematic differences at baseline between the 556 participants who were followed 116 

from 2010 to 2014 and those 414 participants who were excluded for any reason (59 117 

deaths and 355 missing data). The comparisons identified similarities to 118 

chronological age (Student t-test with p-value= 0.867), health care costs (Student t-119 

test with p-value= 0.674), sports participation score (chi-squared with p-value= 120 

0.217), obesity rate (chi-squared with p-value= 0.145) and sex (chi-squared with p-121 

value= 0.961).122 

123 

Sports participation124 

Sports participation was assessed in three different time points (2010, 2012 125 

and 2014) by the same researchers following the same procedures to the interview. 126 

In this study, the participation in both collective (e.g. soccer, basketball, volleyball) 127 

and individual sports (e.g. tennis, running, swimming) was accounted and the 128 

presence of competition was not mandatory to characterize sports participation (e.g. 129 

swimming performed at the gym was identified as sports participation). A few 130 

participants reported engagement in more than one sport (less than 5% of the cases) 131 

and we collected data on the sport performed more often. The engagement in sports 132 

was assessed using three different indicators of Baecke’s questionnaire (Baecke, 133 

Burema, & Frijters, 1982): (A) intensity (Sport Intensity), (B) volume (Sport Volume) and 134 

(C) previous time of engagement (Sport Previous time).135 

Sports Intensity was based in the participant’s subjective self-perception of 136 

effort. Considering the sport in which the participant is engaged in, the questionnaire 137 

offers three options in terms of subjective perception of effort (light [score= 0.76], 138 

moderate [score= 1.26] and vigorous [score= 1.76]). Sport Volume considered the 139 
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amount of hours per week dedicated to sports participation (<1h [score= 0.5], 1-2h140 

[score= 1.5], 2-3h [score= 2.5], 3-4h [score= 3.5] and >4h [score= 4.5]). Sport Previous 141 

time is the amount of time engaged in sports during the last 12 months (<1 month 142 

[score= 0.04], 1-3 months [score= 0.17], 4-6 months [score= 0.42], 7-9 months143 

All sports components were treated as 144 

continuous variables, while participants who were not engaged in any sports received 145 

the score zero to all three sport’s dimensions analyzed (intensity, volume and 146 

duration).147 

148 

Health care costs149 

Primary care health care costs paid by the NHS were assessed. Since 2010, 150 

the local Department of Health has granted the researchers full access to the medical 151 

records of the participants of the cohort study. Researchers have registered data 152 

about number and type of medical appointments, tests (e.g., blood tests, scan 153 

densitometry and ultrasonography) and medication prescribed. The financial office154 

of the local Department of Health provided the prices paid for all services (medical 155 

consultations, medicines released and exams) and the amount of money was 156 

computed annually in 2010, 2011, 2012, 2013 and 2014 (any health care service that 157 

happened from January 1st to December 31st were considered in the same calendar 158 

year). Costs with medical consultations were calculated as: [number of consultations 159 

x price paid per each appointment by NHS]. Costs with exams were calculated as: 160 

[number of exams x price paid per each procedure by NHS]. Costs related to 161 

medicines were calculated as: [number of medicines prescribed and released to the 162 

patient x price paid by NHS]. The costs related to medication were divided by the 163 
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dosage delivered to the patient (e.g. if the price paid for one box of antihypertensive 164 

was US$ 2.00, but the patient received a half box, the cost spent with the patient was 165 

US$ 1.00). Prices were expressed in US dollars and adjusted using inflation rates166 

observed in the Brazilian economy in 2015, 2016 and 2017. Calculations followed 167 

standard methods, as described in the previous studies (Codogno et al., 2011; 168 

Codogno et al., 2015).169 

170 

Covariates171 

The covariates were defined as biological (sex [male and female], and 172 

chronological age [the difference between birthday and date of measurement at 173 

baseline]) and health variables (body mass index ([BMI]). BMI was estimated as 174 

body weight divided by squared height (expressed as kg/m2). Body weight and 175 

height were measured by the researchers in a reserved room in the BHU.176 

177 

Statistical analyses178 

Descriptive statistics for continuous variables were expressed as mean and 179 

median, 95% confidence interval (95%CI), 25th and 75th percentiles. Categorical 180 

variables were presented as rates and 95%CI. Comparisons of mean values across 181 

years were based on ANOVA for repeated measures (when ANOVA was 182 

statistically significant, Bonferroni`s post-hoc test was used). Mauchly's test of 183 

sphericity was used to assess how fitted the models were and, when necessary184 

(sphericity assumption violated), the Greenhouse-Geisser correction was used.185 

ANOVA models were adjusted by sex, age, BMI and economic condition. Eta-186 
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squared values were adopted as measures of effect-size in ANOVA models (small187 

[<0.060], moderate [0.060 to 0.139] and large 188 

The effect of changes in sports participation on health care costs from 2010 189 

to 2014 was assessed using General SEM, estimated as Latent Growth Curve 190 

Analysis (LGCA). LGCA estimates two parameters “intercept” (fixed at “1”, 191 

denoting the baseline) and “slope” (started at “0” and increases according to the unit 192 

of time of the variable [1 year for health care costs and 2 years for sports 193 

participation]) fitted for both endogenous (health care costs) and exogenous variables 194 

(components of sport participation). Intercept denotes the baseline values, while 195 

slope denotes the rate of longitudinal modifications over time. Therefore, the effect 196 

of any "sports intercept" on "health care costs intercept" (Intercept --> Intercept) 197 

represents the relationship between both variables at baseline. The effect of any 198 

"sports intercept" on "health care costs slope" (Intercept --> Slope) represents the 199 

relationship between baseline scores of sports participation and changes in health 200 

care costs over time. The effect of any "sports slope" on "health care costs slope" 201 

(Slope --> Slope) represents the relationship between changes in sport and health 202 

care changes over time. In our LGCA models, sports participation was measured at 203 

three-time points (2010, 2012 and 2014), while health care costs were assessed 204 

annually from 2010 to 2014. We have ran a new LGCA model in which both sport 205 

participation and health care costs were measured at three-time points (2010, 2012 206 

and 2014). The results generated by this model were similar.207 

The effect size of these relationships was presented as unstandardized and 208 

standardized (as correlations “r”) scores. GSEM fits different models (logistic, 209 

probit, Poisson, multinomial logistic, ordered logit, ordered probit), dismissing the 210 
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need for fit indexes. All analyses were performed using Stata (version 13.0), and the 211 

significance level was set at p-value <0.05.212 

213 
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Results214 

The final sample was composed of 556 older adults of both sexes (145 men 215 

and 411 women), and ages ranged from 50 to 91 years old at baseline. At baseline, 216 

~36% of the sample reported any engagement in sports, while 30% of those 217 

maintained sports participation for more than nine months (Table 1).218 

The overall amount of money spent with these 556 subjects from 2010 to 219 

2014 was US$ 706,196.42 (US$ 98,089.26 in 2010; US$ 130,760.92 in 2011; US$ 220 

144,467.15 in 2012; US$ 168,532.84 in 2013; US$ 164,346.23 in 2014). Health care 221 

costs increased significantly from 2010 to 2013 (77.4%) and remained stable from 222 

2013 to 2014. The results of the models with or without covariate adjustments were 223 

consistent and covariates did not affect health care cost modifications over time; sex 224 

(p-value= 0.388), age (p-value= 0.308) and BMI (p-value= 0.374). The models 225 

created were adequately fitted according to the parameters provided by the 226 

Mauchly's test of sphericity (health care costs, Sports Intensity, Sports Volume and Sports 227 

Previous time). In general, time affected in small magnitude changes in health care costs 228 

and components of sports participation (Table 2).229 

LGCA identified that there was no significant relationship between baseline 230 

scores of sports participation and baseline health care costs (standardized coefficients 231 

ranging from r= -0.083 to r= -0.081). There was no significant relationship between 232 

changes in sports participation and changes in health care costs (Table 3). On the 233 

other hand, higher baseline scores for intensity (standardized coefficient: r= -0.223 [-234 

0.404 to -0.042] and unstandardized coefficient: US$ -6.67 per unit of intensity 235 

increased) were related to lower health care costs. Similar results were found to 236 

volume (standardized coefficient: r= -0.216 [-0.396 to -0.036] and unstandardized 237 
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coefficient: US$ -2.18 per unit of volume increased) and previous time of 238 

engagement (standardized coefficient: r= -0.218 [-0.402 to -0.034] and 239 

unstandardized coefficient: US$ -9.12 per unit of time increased). In general, the 240 

models identified that intensity (4.97%), volume (4.66%) and previous time of 241 

engagement (4.75%) explained ~5% of all changes in health care costs over time, 242 

denoting mitigation of US$ 35,309.82 from 2010 to 2014 among these older adults.243 

Independently of potential confounders, participants with higher sports 244 

participation presented lower health care costs over the follow-up period (Figure 1),245 

mainly when the previous time of engagement was considered (Figure 1, Panel C).246 

247 
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Discussion248 

This study investigated the relationship between sports participation 249 

(intensity, volume and previous time of engagement) and primary health care costs 250 

among older adults. We found that older adults engaged in sports presented lower 251 

health care costs over a 4-year follow-up period, denoting mitigation of US$ 252 

35,000.00 from 2010 to 2014.253 

Prevalence data on sports participation is limited, particularly in developing 254 

countries, unlike data on overall PA (Hallal et al., 2012; Marques, Sarmento, 255 

Martins, & Saboga Nunes, 2015)256 

self-reported being engaged in any sports during leisure time. Previous Brazilian 257 

surveys have reported similar rates of sports participation among adults aged 50-64.9258 

(Fernandes & Zanesco, 259 

2010). However, the rate in developed countries is lower. For example, an Australian 260 

survey reported that less261 

(Eime et al., 2016). While age is known to be negatively associated with PA (Balish, 262 

Rainham, & Blanchard, 2015; Eime et al., 2016; Fernandes & Zanesco, 2010); we 263 

found no evidence of a decrease in sports participation over the follow-up period. 264 

Due to the organization of the World Cup and the Olympic Games in Brazil, a 265 

plausible explanation is that during the period of data collection there was an 266 

increase in public health campaigns targeting promotion and improvement of 267 

recreational sports participation in Brazil (Aoyagi & Shephard, 2011; Turi, Codogno, 268 

Fernandes, & Monteiro, 2015). Moreover, the high rate of sports participation in this 269 

sample could be partially explained by the fact that soccer (the most popular sport in 270 
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Brazil) is widely played in public places and does not require large personal 271 

investments regarding equipment.272 

Although with a higher rate than previous studies, sports participation did not 273 

change over the follow-up period. On the other hand, at the same time, overall health 274 

care cost increased >70% in the sample. Some deductions could justify this finding. 275 

First, there is expected an increase in the occurrence of chronic diseases among older 276 

adults (Fernandes & Zanesco, 2015). This sort of disease has a significant impact on 277 

health care costs due to their continuous treatment (Li, Blume, Huang, Hammer, & 278 

Ganz, 2015). Second, we found a significant annual increase in medication use 279 

among adult (Narayan, Tordoff, & Nishtala, 2016), and medication 280 

discharge was responsible for 49% of the overall health care costs in our sample. In a 281 

general view, health care costs are a thorny issue due to its trend to increase over 282 

time among older adults (mainly due to aging), raising budget concerns about how to 283 

maintain the assistance of the population. In this problematic scenario, the potential 284 

effect of behavioral interventions (e.g., physical exercise) on mitigation of health 285 

care costs gains attention, which would be cheaper than medical interventions, and 286 

with fewer side effects.287 

Regarding mitigation costs attributed to leisure-time sports participation, 288 

baseline values of intensity, volume, and previous time of engagement in sports were 289 

determinants on the time trend observed to health care costs, explaining 290 

approximately 5% of the changes in health care costs during the follow-up.291 

Similarly, a study conducted in Minnesota found that each additional active day per 292 

week was associated with a 4.7% decrease in health care costs. Thus, five days of 293 

activity would represent about a 23.5% cost reduction compared with no days of 294 
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physical activity (Pronk, Goodman, O’Connor, & Martinson, 1999). Although the 295 

impact of sports participation seems of low magnitude, sports participation affected 296 

more health care costs than general physical inactivity (responsible by 1% to 2.6% of 297 

health care costs) (Codogno et al., 2015; Katzmarzyk, Gledhill, & Shephard, 2000; 298 

Pratt et al., 2014). Regarding practical applications, whether considered the overall 299 

amount of money spent with these older adults from 2010 to 2014 (US$ 706,196.42) 300 

and discounted 5%, the cost-saving would be US$ 35,309.82, an amount of money 301 

enough to pay all the health care costs of 121 of our patients during 12 months (US$ 302 

291.39 in 2014 as reference).303 

Regarding pathways linking sports participation and mitigation of health care 304 

costs, this phenomenon probably happens due to its role in the prevention and 305 

treatment of comorbidities whose treatments tend to occur in the secondary or 306 

tertiary level, such as cardiovascular and metabolic diseases (Lee et al., 2012).307 

Moreover, the absence of changes over time in sports participation (components) 308 

would explain its non-significant relationship with changes in health care costs, 309 

denoting the relevance of governmental campaigns targeting the promotion and 310 

improvement of recreational sports practice among older adults.311 

The effect of the components of sports participation on health care costs is 312 

unclear in the scientific literature, although there is evidence with overall PA. In 313 

cross-sectional surveys, the combination of intensity and weekly the volume of PA 314 

have shown to be related to lower medicine use in adults (Bertoldi, Hallal, & Barros, 315 

2006). Evidence of the positive relationship between high-intensity PA (alone) and 316 

health outcomes is growing (Drenowatz et al., 2016; Fussenich et al., 2016). The 317 

impact of the previous time of engagement in sports on health care outcomes is 318 
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relatively less investigated, but it has been explored that the effects of intensity on 319 

health outcomes are maximized when maintained for longer periods (Fernandes & 320 

Zanesco, 2015).321 

However, some limitations of this study justify caution when interpreting the 322 

findings. While the research staff has been trained to perform the interviews, the use 323 

of the questionnaire to estimate subjective variables, such as intensity of sports, is 324 

prone to bias. Moreover, intensity and volume would be more accurate if assessed 325 

through objective measurements (e.g., accelerometers). On the other hand, 326 

accelerometers capture daily physical activity, but do not take into account in which 327 

context this physical activity happened, such as sports participation. The Likert scale 328 

used to categorize both weekly volume and previous time of engagement is a 329 

limitation because of gathers at the same group subjects with large differences in 330 

331 

years in the group). Finally, in our manuscript, only primary care costs were 332 

considered (secondary and tertiary health care costs were not analyzed), while other 333 

economic components were not considered (e.g. money spent with health facility 334 

maintenance, payment for nurses and administrative staff). Therefore, the mitigation 335 

in health care costs attributed to sports participation tends to be underestimated.336 

This study adds important findings to the scientific literature suggesting that 337 

higher engagement in sports mitigates health care costs among adults. Regarding 338 

applicability for professionals, these findings are useful to plan interventions, 339 

particularly for older adults, taking into account sports participation. Moreover, it 340 

supports exercise science professionals inserted in NHS to encourage sports 341 

participation among older adults as an important method to reduce health care costs. 342 
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Existing limited evidence, however, suggest that interventions with sports 343 

component for older adults (aged over 50) are cost-effective (Peels et al., 2014). The 344 

potential impact of these findings is relevant to support public health actions toward 345 

physical activity promotion, because sports participation is a behavior of low 346 

frequency among older adults, mainly because people believe sports participation 347 

increases the risk of injuries (Reichert, Barros, Domingues & Hallal, 2007).348 

In summary, the present findings hint that sports intensity, volume and 349 

previous time of engagement affect health care costs significantly in older adults.350 

351 

Disclosure statement352 

No potential conflict of interest was reported by the authors.353 

354 

Funding355 

Brazilian Ministry of Science and Technology (CAPES), and São Paulo Research 356 

Foundation (FAPESP) (Process number 2018/01744-7). 357 



 Running head: Sports and costs  18 

 

 

References358 

Aoyagi, Y., & Shephard, R. J. (2011). A model to estimate the potential for a 359 

physical activity-induced reduction in healthcare costs for the elderly, based on 360 

pedometer/accelerometer data from the Nakanojo Study. Sports Medicine 361 

(Auckland, N.Z.), 41(9), 695–708. http://doi.org/10.2165/11590530-000000000-362 

00000363 

Baecke, J. A., Burema, J., & Frijters, J. E. (1982). A short questionnaire for the 364 

measurement of habitual physical activity in epidemiological studies. The 365 

American Journal of Clinical Nutrition, 36(5), 936–942.366 

Balish, S. M., Rainham, D., & Blanchard, C. (2015). Community size and sport 367 

participation across 22 countries. Scandinavian Journal of Medicine & Science 368 

in Sports, 25(6), e576-81. http://doi.org/10.1111/sms.12375369 

Bertoldi, A. D., Hallal, P. C., & Barros, A. J. D. (2006). Physical activity and 370 

medicine use: evidence from a population-based study. BMC Public Health, 6,371 

224. http://doi.org/10.1186/1471-2458-6-224372 

Bielemann, R. M., Silva, B. G. C. da, Coll, C. de V. N., Xavier, M. O., & Silva, S. 373 

G. da. (2015). Burden of physical inactivity and hospitalization costs due to 374 

chronic diseases. Revista de Saude Publica, 49. http://doi.org/10.1590/S0034-375 

8910.2015049005650376 

Blauwet, C., Lexell, J., Derman, W., Idrisova, G., Kissick, J., Stomphorst, J., … 377 

Webborn, N. (2016). The Road to Rio: Medical and Scientific Perspectives on 378 

the 2016 Paralympic Games. d379 

Rehabilitation, 8(8), 798–801. http://doi.org/10.1016/j.pmrj.2016.07.004380 

Codogno, J. S., Fernandes, R. A., Sarti, F. M., Freitas Junior, I. F., & Monteiro, H. L. 381 



 Running head: Sports and costs  19 

 

 

(2011). The burden of physical activity on type 2 diabetes public healthcare 382 

expenditures among adults: a retrospective study. BMC Public Health, 11, 275. 383 

http://doi.org/10.1186/1471-2458-11-275384 

Codogno, J. S., Turi, B. C., Kemper, H. C. G., Fernandes, R. A., Christofaro, D. G. 385 

D., & Monteiro, H. L. (2015). Physical inactivity of adults and 1-year health 386 

care expenditures in Brazil. International Journal of Public Health, 60(3), 309–387 

316. http://doi.org/10.1007/s00038-015-0657-z388 

Davis, J. C., Verhagen, E., Bryan, S., Liu-Ambrose, T., Borland, J., Buchner, D., … 389 

Khan, K. M. (2014). 2014 consensus statement from the first Economics of 390 

Physical Inactivity Consensus (EPIC) conference (Vancouver). British Journal 391 

of Sports Medicine, 48(12), 947–951. http://doi.org/10.1136/bjsports-2014-392 

093575393 

Drenowatz, C., Prasad, V. K., Hand, G. A., Shook, R. P., & Blair, S. N. (2016). 394 

Effects of moderate and vigorous physical activity on fitness and body 395 

composition. Journal of Behavioral Medicine, 39(4), 624–632. 396 

http://doi.org/10.1007/s10865-016-9740-z397 

Eime, R. M., Harvey, J. T., Charity, M. J., Casey, M. M., Westerbeek, H., & Payne, 398 

W. R. (2016). Age profiles of sport participants. BMC Sports Science, Medicine 399 

& Rehabilitation, 8, 6. http://doi.org/10.1186/s13102-016-0031-3400 

Fernandes, R. A., & Zanesco, A. (2010). Early physical activity promotes lower 401 

prevalence of chronic diseases in adulthood. 402 

Journal of the Japanese Society of Hypertension, 33(9), 926–931.403 

http://doi.org/10.1038/hr.2010.106404 

Fernandes, R. A., & Zanesco, A. (2015). Early sport practice is related to lower 405 

prevalence of cardiovascular and metabolic outcomes in adults independently of 406 



 Running head: Sports and costs  20 

 

 

overweight and current physical activity. Medicina (Kaunas, Lithuania), 51(6), 407 

336–342. http://doi.org/10.1016/j.medici.2015.10.003408 

Freitas, C. F., Osorio-de-Castro, C. G. S., Shoaf, K. I., Silva, R. S. da, & Miranda, E.409 

S. (2016). Preparedness for the Rio 2016 Olympic Games: hospital treatment 410 

capacity in georeferenced areas. Cadernos de Saude Publica, 32(7). 411 

http://doi.org/10.1590/0102-311X00087116412 

Fussenich, L. M., Boddy, L. M., Green, D. J., Graves, L. E. F., Foweather, L., 413 

Dagger, R. M., … Hopkins, N. D. (2016). Physical activity guidelines and 414 

cardiovascular risk in children: a cross sectional analysis to determine whether 415 

60 minutes is enough. BMC Public Health, 16, 67. 416 

http://doi.org/10.1186/s12889-016-2708-7417 

Garber, C. E., Blissmer, B., Deschenes, M. R., Franklin, B. A., Lamonte, M. J., Lee, 418 

I.-M., … Swain, D. P. (2011). American College of Sports Medicine position 419 

stand. Quantity and quality of exercise for developing and maintaining 420 

cardiorespiratory, musculoskeletal, and neuromotor fitness in apparently 421 

healthy adults: guidance for prescribing exercise. Medicine and Science in 422 

Sports and Exercise, 43(7), 1334–1359. 423 

http://doi.org/10.1249/MSS.0b013e318213fefb424 

Hallal, P. C., Andersen, L. B., Bull, F. C., Guthold, R., Haskell, W., & Ekelund, U. 425 

(2012). Global physical activity levels: surveillance progress, pitfalls, and 426 

prospects. Lancet (London, England), 380(9838), 247–257.427 

http://doi.org/10.1016/S0140-6736(12)60646-1428 

Katzmarzyk, P. T., Gledhill, N., & Shephard, R. J. (2000). The economic burden of 429 

physical inactivity in Canada. 430 

Journal de l’Association Medicale Canadienne, 163(11), 1435–1440.431 



 Running head: Sports and costs  21 

 

 

Lee, I.-M., Shiroma, E. J., Lobelo, F., Puska, P., Blair, S. N., & Katzmarzyk, P. T. 432 

(2012). Effect of physical inactivity on major non-communicable diseases 433 

worldwide: an analysis of burden of disease and life expectancy. Lancet 434 

(London, England), 380(9838), 219–229. http://doi.org/10.1016/S0140-435 

6736(12)61031-9436 

Li, Q., Blume, S. W., Huang, J. C., Hammer, M., & Ganz, M. L. (2015). Prevalence 437 

and healthcare costs of obesity-related comorbidities: evidence from an 438 

electronic medical records system in the United States. Journal of Medical 439 

Economics, 18(12), 1020–1028. http://doi.org/10.3111/13696998.2015.1067623440 

Marlier, M., Van Dyck, D., Cardon, G., De Bourdeaudhuij, I., Babiak, K., & Willem, 441 

A. (2015). Interrelation of Sport Participation, Physical Activity, Social Capital 442 

and Mental Health in Disadvantaged Communities: A SEM-Analysis. PloS 443 

One, 10(10), e0140196. http://doi.org/10.1371/journal.pone.0140196444 

Marques, A., Sarmento, H., Martins, J., & Saboga Nunes, L. (2015). Prevalence of 445 

physical activity in European adults - Compliance with the World Health 446 

Organization’s physical activity guidelines. Preventive Medicine, 81, 333–338.447 

http://doi.org/10.1016/j.ypmed.2015.09.018448 

Miot, H.A. (2011). Sample size in clinical and experimental trials. Jornal Vascular 449 

Brasileiro, 10, 275-278. http://dx.doi.org/10.1590/S1677-54492011000400001450 

Narayan, S. W., Tordoff, J. M., & Nishtala, P. S. (2016). Temporal trends in the 451 

utilisation of preventive medicines by older people: A 9-year population-based 452 

study. Archives of Gerontology and Geriatrics, 62, 103–111.453 

http://doi.org/10.1016/j.archger.2015.10.007454 

Officer, C. M. (2009). On the state of the public health. Annual report of the chief 455 

medical officer 2009.456 



 Running head: Sports and costs  22 

 

 

Organization, W. H. (2014). Global Status Report noncommunicable diseases 2014.457 

Geneva.458 

Peels, D. A., Hoogenveen, R. R., Feenstra, T. L., Golsteijn, R. H., Bolman, C., 459 

Mudde, A. N., … Lechner, L. (2014). Long-term health outcomes and cost-460 

effectiveness of a computer-tailored physical  activity intervention among 461 

people aged over fifty: modelling the results of a randomized controlled trial. 462 

BMC Public Health, 14, 1099. http://doi.org/10.1186/1471-2458-14-1099463 

Pratt, M., Norris, J., Lobelo, F., Roux, L., & Wang, G. (2014). The cost of physical 464 

inactivity: moving into the 21st century. British Journal of Sports Medicine,465 

48(3), 171–173. http://doi.org/10.1136/bjsports-2012-091810466 

Pronk, N. P., Goodman, M. J., O’Connor, P. J., & Martinson, B. C. (1999). 467 

Relationship between modifiable health risks and short-term health care 468 

charges. JAMA, 282(23), 2235–2239.469 

Reichert, F.F., Barros, A.J., Domingues, M.R., Hallal, P.C. (2007). The role of 470 

perceived personal barriers to engagement in leisure-time physical activity. 471 

American Journal of Public Health, 97(3),515-9.472 

Sallis, J. F., Bull, F., Guthold, R., Heath, G. W., Inoue, S., Kelly, P., … Hallal, P. C. 473 

(2016). Progress in physical activity over the Olympic quadrennium. Lancet 474 

(London, England), 388(10051), 1325–1336. http://doi.org/10.1016/S0140-475 

6736(16)30581-5476 

Shiroma, E. J., Sesso, H. D., Moorthy, M. V, Buring, J. E., & Lee, I.-M. (2014). Do 477 

moderate-intensity and vigorous-intensity physical activities reduce mortality 478 

rates to the same extent? Journal of the American Heart Association, 3(5), 479 

e000802. http://doi.org/10.1161/JAHA.114.000802480 

Turi, B. C., Codogno, J. S., Fernandes, R. A., & Monteiro, H. L. (2015). Walking 481 



 Running head: Sports and costs  23 

 

 

and health care expenditures among adult users of the Brazilian public 482 

healthcare system: retrospective cross-sectional study. Ciencia & Saude 483 

Coletiva, 20(11), 3561–3568. http://doi.org/10.1590/1413-484 

812320152011.00092015485 

486 

Figures487 

488 

Figure 1. Health care costs accounted from 2010 to 2014 according to sport intensity 489 

(Panel A), volume (Panel B) and previous time of engagement (Panel C). 490 



 Running head: Sports and costs  1 

 

 

Table 1. Summary information of the sample at baseline (Bauru, Brazil; 2010-20141 

[n= 556]).2 

Descriptive statistics

Variables Mean (95%CI) Median (P25-P75)

Numerical

Age (years) 2010 64.6 (63.9 to 65.4) 64.09 (57.8 – 79.9)

Body weight (kg) 2010 73.5 (72.3 to 74.7) 72.30 (63.1 – 99.8)

Height (cm) 2010 157.2 (156.6 to 158.1) 156.3 (150.8 to 173.5)

BMI (kg/m2) 2010 29.71 (29.2 to 30.1) 29.01 (25.9 – 40.3)

Health care costs 2010-2014 (US$)
1,252.12

(1,134.01 to 1,370.23)

803.51

(453.32 – 1,375.37)

Categorical n (%) (95%CI)

Sport Intensity 2010

None 353 (63.5) (59.4 to 67.4)

Light 49 (8.8) (6.3 to 10.9)

Moderate 147 (26.4) (22.7 to 30.1)

Vigorous 7 (1.3) (1.0 to 2.2)

Sports Volume 2010

None 353 (63.5) (59.4 to 67.4)

< 1 hour/week 12 (2.2) (1.0 to 3.3)

1 - 2 hours/week 36 (6.5) (4.4 to 8.5)

2 -3 hours/week 38 (6.8) (4.7 to 8.9)

3 - 4 hours/week 46 (8.3) (5.9 to 10.5)

> 4 hours/week 71 (12.8) (10.1 to 15.5)

Sport Previous time 2010

None 353 (63.5) (59.4 to 67.4)

13 (2.3) (1.1 to 3.6)

1 - 4 months 11 (2.0) (0.8 to 3.1)

4 - 7 months 8 (1.4) (0.4 to 2.4)

7 - 9 months 1 (0.2) (0.1 to 0.5)

170 (30.6) (26.7 to 34.4)
Notes: 95%CI= 95% confidence interval; BMI= body mass index; WC= waist circumference.3 
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Table 2. Sports participation and economic variables at each moment of assessment from 2010 to 2014 (Bauru, Brazil [n= 556]).

Year/assessment

Health care costs Sport Intensity Sport Volume Sport Previous time

Mean (95%CI) Mean (95%CI) Mean (95%CI) Mean (95%CI)

2010 173.91 (154.34 to 193.49) 0.42 (0.37 to 0.46) 1.14 (1.00 to 1.28) 0.29 (0.25 to 0.32)

2011 231.84 (207.67 to 256.02) a --- --- ---

2012 256.14 (230.62 to 281.66) a,b 0.39 (0.35 to 0.44) 1.01 (0.87 to 1.13) 0.28 (0.24 to 0.31)

2013 298.81 (249.48 to 348.14) a,b --- --- ---

2014 291.39 (262.30 to 320.48) a,b,c 0.42 (0.37 to 0.47) 1.09 (0.95 to 1.23) 0.27 (0.24 to 0.30)

ANOVA

F 18.756 0.566 1.993 0.536

p-value 0.001 0.568 0.137 0.583

Eta-squared 0.032 0.001 0.004 0.002

Qualitative Small magnitude Small magnitude Small magnitude Small magnitude
Notes: ANOVA= analysis of variance; 95%CI= 95% confidence interval; a= p-value <0.05 compared to 2010; b= p-value <0.05 compared to 2011; c= p-value <0.05 

compared to 2012.
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Table 3. Standardized coefficients of the relationship between sports participation 

components and health care costs from 2010 to 2014 (Bauru, Brazil [n= 556]).

Health Care Costs Intercept Health Care Costs Slope

Variables r (95%CI) r (95%CI)

LGCA - Intercept

Sport Intensity -0.083 (-0.192 to 0.025) -0.223 (-0.404 to -0.042)

Sport Volume -0.081 (-0.186 to 0.024) -0.216 (-0.396 to -0.036)

Sport Duration -0.083 (-0.191 to 0.025) -0.218 (-0.402 to -0.034)

LGCA - Slope

Sport Intensity --- 0.300 (-0.116 to 0.716)

Sport Volume --- 0.388 (-0.561 to 1.00)

Sport Duration --- 0.342 (-0.091 to 0.774)

Notes: LGCA= latent growth curve analysis; 95%CI= 95% confidence interval.




