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Introduction: Research has documented the health benefits of physical activity among older 

adults, but the relationship between physical activity and healthcare costs remains unexplored at 

the population level. Using data from 50 U.S. states and the District of Columbia, this study 

investigates the extent to which physical activity prevalence is associated with healthcare costs 

among older adults. 

Methods: Twelve-year state-level data (2003–2014) were obtained from five secondary sources 

(n=611). Healthcare costs were captured by Medicare Parts A and B spending. Fixed-effect 

models were estimated in 2019 to assess the relationship between the state-level physical activity 

prevalence and Medicare costs. The potential lagged associations were captured by lagged 

variables of physical activity prevalence (i.e., t – 1, t – 2, and t – 3). 

Results: Physical activity prevalence was not associated with Medicare costs occurring in the 

concurrent and subsequent year (p>0.05); however, the 2-year lagged variable (p=0.03) and the 

3-year lagged variable (p=0.01) for physical activity prevalence were negatively associated with 

Medicare costs, indicating a time-lagged relationship. It was estimated that a 10–percentage 

point increase in physical activity prevalence in each state is associated with reduced Medicare 

Parts A and B costs of 0.4% after 2 years and 1.0% after 3 years. 

Conclusions: Results revealed a time-lag effect highlighted by a delayed inverse relationship 

between state-level physical activity prevalence and healthcare costs among older adults. This 

evidence offers governments and communities new insights to guide policymaking on long-term 

public investment in physical activity intervention programs. 
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INTRODUCTION 

The cost of health care continues to rise in the U.S. In 2017, national healthcare spending was 

$3.5 trillion, which equals 17.9% of the gross domestic product.1 This issue will likely intensify 

in coming decades, as the number of people aged 65 years and older is projected to reach 95 

million in 2060.2 Average health spending also increases with age, and people aged 65 years and 

older accounted for 34% of U.S. healthcare spending in 2015.3 Considering the ongoing debate 

to change the Affordable Care Act and policy initiatives to expand health insurance coverage to 

all (e.g., Medicare-for-All), it is important for policymakers to find possible solutions to mitigate 

healthcare costs for older adults. 

 

A potentially effective way to address the rising healthcare costs for older adults is to promote 

physical activity.4 Promoting physical activity for older adults is important because this 

population is the least physically active of any age group.5 Increased physical activity in older 

adults could reduce depression, address preventable health problems, lower all-cause mortality 

rates, slow age-related cognitive decline, and improve quality of life.6–10 Although the proportion 

of older adults reporting physical activity increased from 60% in 1994 to 68% in 2017,11,12 the 

prevalence of physical activity decreased with age for adults aged 18–44 years (77%), 45–64 

years (71%), and 65 years and older (68%).12 Research has examined the relationship between 

physical activity participation and healthcare costs using large databases,13–20 revealing that the 

global cost of physical inactivity to the healthcare systems is estimated at $53.8 billion 

internationally in 2013.21 Studies addressing the relationships between physical activity and 

healthcare costs among older adults are scarce, with two notable exceptions. Wang and 

colleagues4 analyzed cross-sectional individual-level data of 42,520 retired employees aged 65 
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years and older in a U.S. manufacturing corporation. They found that physically active retirees 

tended to have lower healthcare costs than their sedentary counterparts. Using cross-sectional 

county-level data, another study reported that older adults’ physical activity prevalence was 

negatively associated with the county’s healthcare costs of these adults.22 

 

To date, most research has focused on the associations between individual physical activity and 

healthcare costs. However, this relationship can be influenced by multilevel factors, such as 

social environments, physical environments, and policies.23,24 For instance, more than 2,500 state 

regulations and policies on physical activity were enacted between 2001 and 2017, such as 

constructing off-road walking paths and granting access to recreational facilities in 

communities.25 These policies might promote older adults’ physical activity participation and 

their health. Consequently, it is critical for policymakers to consider environmental and regional 

differences across communities using macro-level indicators and assess the extent to which the 

physical activity prevalence of various communities is associated with their healthcare costs. 

 

Previous research often utilizes a cross-sectional research design to examine the relationship 

between physical activity and healthcare costs. However, it is reasonable to assume that this 

relationship has a time lag.13,26–28 For instance, if governments or communities implement 

physical activity initiatives today, the effect of these initiatives on healthcare costs could take 1 

year, 2 years, or more. A longitudinal research design can provide a more holistic assessment of 

physical activity benefits to inform public policies on a potential time-lag effect, which 

represents the amount of time it may take to observe reduced healthcare costs resulting from 

higher physical activity prevalence. 
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Using longitudinal data from 50 states and the District of Columbia in the U.S., this study 

investigates the extent to which state-level physical activity is related to healthcare costs among 

older adults. A negative and lagged association between the physical activity prevalence of a 

state’s older population and that population’s healthcare costs is expected. Medicare costs are 

used as indicators of healthcare costs for older adults. This study extends and adds new 

knowledge to the public health literature on the relationship between physical activity and 

healthcare costs4,13–20 by investigating macro-level factors, while accounting for potential time-

lag effects. 

 

METHODS 

Research Design and Data 

The analysis relied on 12-year state-level data (2003–2014) from five secondary sources. 

Healthcare cost data were obtained from the Dartmouth Atlas of Health Care, which provided 

age, sex, race, and regional price differences–adjusted Medicare reimbursements (Part A and 

Part B) per enrollee.29 The Dartmouth Atlas data, which are based on Medicare claims that 

capture the temporal and regional patterns of healthcare utilization by Medicare enrollees, offer 

the advantage of focusing on documenting variations in healthcare use across regions.30 

Behavioral Risk Factor Surveillance System (BRFSS) survey data were used to calculate the 

state-level physical activity prevalence among adults aged ≥65 years. The reliability and validity 

of physical activity measures in the BRFSS survey have been documented.31 Data for additional 

state-level variables shown to predict healthcare costs in previous research13,15,32,33 were acquired 

from the BRFSS, Current Population Survey, Small Area Income and Poverty Estimates 
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Program data, and National Bureau of Economic Research data. These variables were aggregated 

at the state level and served as control variables for analysis. 

 

The sample covered 50 states and the District of Columbia during a 12-year period, resulting in 

612 observations. One observation was removed from the analysis because of missing data on 

physical activity prevalence. The final sample size consisted of 611 observations. 

 

Measures 

This study focused on the mean Medicare costs of Part A (inpatient care) and Part B (outpatient 

care) per enrollee in each state. Medicare is the main payer for healthcare services of the 

population aged ≥65 years in the U.S.,34 and Parts A and B represent the largest share of 

Medicare costs.35 Accordingly, the current measure represents a key indicator of healthcare costs 

for older adults. Following prior research,32,36,37 all analyses used log-transformed Medicare 

costs, which allow to estimate the semi-elasticities of Medicare costs with respect to 

simultaneous and lagged physical activity prevalence. 

 

The physical activity prevalence in each state was extracted from the BRFSS survey. In the 

survey, participants were asked to indicate whether they had participated in leisure-time physical 

activities or exercise during the past 30 days outside their regular employment. Based on 

responses, physical activity prevalence was calculated as the percentage of adults aged ≥65 years 

who had participated in leisure-time physical activities or exercise in each state. The analysis 

further included ten state-level time-varying control variables. Table 1 gives a description of 

each variable used in the study. 
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Statistical Analysis 

The following fixed-effect model was estimated for the main analysis: 

 Log(Costs,t) = β0 + β1PAs,t + β2PAs,t-1 + β3PAs,t-2 + β4PAs,t-3 + θXs,t + αs + λt + μs,t,  

where the dependent variable log(Costs,t) is the natural log transformation of Medicare costs in 

sth state at time t. PAs,t is the physical activity prevalence at the sth state at time t. β1 measures the 

simultaneous association between physical activity prevalence and Medicare costs. To capture 

potential lagged correlations, PAs,t-1, the physical activity prevalence at the sth state at time t – 1, 

was added, with β2 being the 1-year lagged correlation. More lagged physical activity variables (t 

– 2 and t – 3) were added in further specifications. Xs,t includes time-variant state-level 

characteristics that might influence the relationship between physical activity prevalence and 

Medicare costs (Table 1). State fixed effects (αs) control for time-invariant differences across 

states, such as climate, culture, and political system. Year fixed effects (λt) control for 

nationwide time trends (e.g., state of the economy, healthcare market) experienced by all states. 

Finally, μs,t is the random error term, which captures unobserved random factors that might 

explain Medicare costs. The fixed-effect model was chosen based on the Hausman test (p<0.01). 

All p-values were two-sided and considered statistically significant if p<0.05. All analyses were 

conducted in 2019 using Stata, version 14. 

 

RESULTS 

Descriptive statistics of the sample are shown in Table 2. The average Medicare costs in each 

state between 2003 and 2014 were $8,254 per person (SD=$1,378, range=$4,967−$11,670). 

Additionally, physical activity prevalence was 67% (SD=5%, range=49%−81%), suggesting that, 
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on average, two thirds of older adults were involved with leisure-time physical activity in each 

state during the study period. 

 

Table 3 shows results from the fixed-effect models using different lagged variables for physical 

activity prevalence. Adjusted R2 values of the full model (Column 4) were 0.56, suggesting that 

the independent variables explained more than half of the variation in Medicare costs. The 

results of the full model suggest that physical activity prevalence was not associated with 

Medicare costs in the concurrent and subsequent year (p>0.05). However, both the 2-year lagged 

variable (β3 = −0.08, p=0.03) and 3-year lagged variable (β4= −0.09, p=0.01) for physical activity 

prevalence were negatively associated with Medicare costs, indicating a time-lagged inverse 

relationship exists. To determine the cumulative associations over time, the coefficients of the 

current and lagged physical activity prevalences were summed.36 The estimates from the three 

lagged variables model indicated that a 10–percentage point increase in physical activity 

prevalence in a state is associated with reduced Medicare costs of 0.4% after 2 years and 1.0% 

after 3 years. 

 

Results from the main analysis provide evidence that a higher prevalence of physical activity is 

associated with reduced Medicare costs 2 and 3 years later at the state level. In this analysis, 

other health-related variables, such as smoking prevalence and obesity prevalence, were 

unassociated with Medicare costs; however, they might also have a lagged relationship with 

Medicare costs. To validate the time-lagged association between physical activity and Medicare 

costs, time-lagged variables for smoking and obesity were added to the models. The results from 

Table 4 show that estimates on physical activity prevalence were not altered by lagged smoking 
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and obesity prevalence. Additionally, none of the lagged variables for smoking and obesity were 

significantly associated with Medicare costs. 

 

To further validate the current results, this study estimated a generalized linear model with the 

log link function and the gamma distribution, the most frequently used specifications in 

healthcare costs studies.38,39 The results from the generalized linear model analysis remained 

similar, which confirms the statistically significant time-lagged association between physical 

activity prevalence and Medicare costs among older adults. 

 

DISCUSSION 

This study provides a macro-level perspective on the potential role of physical activity in 

reducing healthcare costs for older adults at the state level. Previous studies have documented the 

benefits of physical activity for reducing healthcare costs among older adults4,22; however, these 

studies have focused on individual-level factors or used cross-sectional research designs. The 

current findings indicate that as the percentage of older people engaging in physical activity 

increases, a reduction occurs in average Medicare costs at the state level within a lag time of 2–3 

years. The model suggests that a 10–percentage point increase in physical activity prevalence in 

each state is associated with reduced Medicare costs of 0.4% after 2 years and 1.0% after 3 years. 

For instance, if these results are applied to the state of Maryland where there were 862,000 older 

people in 2014 with average Medicare costs of $9,127 and physical activity prevalence of 71%, a 

10–percentage point increase in physical activity prevalence might be associated with savings of 

$31 million after 2 years ($37 per person aged 65 years and older) to $79 million after 3 years 

($91 per person aged 65 years and older) in Medicare costs. 
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Comparing existing findings to prior research is difficult given that different data sources, 

measures, methods, and populations to assess the relationship between physical activity and 

healthcare costs were used. Wang et al.4 conducted a cross-sectional study of Medicare retirees 

who participated in an indemnity or preferred provider insurance plan, reporting that moderate-

to-active retirees aged 65 years and older had lower annual inpatient and outpatient costs, 

ranging from $809 to $2,321, than their sedentary counterparts. A key methodological difference 

between the current study and that of Wang and colleagues4 that may explain cost reduction 

differences is the level of analysis and the research design. Although this study examined state-

level relationships, Wang et al.4 adopted an individual-level analysis. Additionally, the 12-year 

data allowed for the adjustment for time invariant heterogeneity across states and nationwide 

trends experienced by all states. By contrast, the cross-sectional analysis by Wang and 

colleagues4 does not allow for adjustment in unobserved factors. The current findings add to the 

literature by providing new evidence for a time-lag effect representing the inverse relationships 

between physical activity and Medicare costs for older adults at the state level. 

 

Although this study focused on the relationship between physical activity and Medicare costs for 

older adults, comparing the current results to findings utilizing individual-level or cross-sectional 

analyses to examine relationships between other health-related factors and healthcare costs is 

useful. Although smoking and obesity are considered leading risk factors associated with higher 

healthcare costs at the individual level,40 the current results indicated that both smoking 

prevalence and obesity prevalence in each state had no association with healthcare costs for older 

adults. One potential explanation for the findings is a survivor effect.4,41,42 As nonsmokers tend 
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to live longer than smokers, they might outweigh smokers who have higher healthcare costs.43 

Similarly, fewer people with obesity are likely to reach advanced ages and those who do may 

have adjusted to harmful effects of obesity.41 The marginal association between obesity and 

healthcare costs is corroborated by Wang et al.,4 who found that this association was smaller than 

the association between physical inactivity and healthcare costs among populations aged 65 

years and older. 

 

The importance of physical activity for older adults is well documented.6–10 As the U.S. 

population ages, the growth of healthcare costs will remain a key policy challenge.3,44 Results 

from the current state-level analysis offer valuable insight into funding allocation to promote 

active lifestyles for older adults at multiple levels of government. For example, federal and state 

governments, as well as communities and other stakeholders, can make a case for increased 

investment in physical activity intervention programs by highlighting the longer-term health 

benefits of physical activity and its relationship to lower healthcare costs for older adults. 

 

The current data indicate that a higher percentage of active older adults in a state is associated 

with lower Medicare Parts A and B costs and provide healthcare stakeholders with actionable 

results. Some private health insurance companies offer financial incentives to increase 

participation and engage in wellness programs to potentially reduce risk of chronic disease and 

healthcare costs.39,40 Medicare could also offer extra financial incentives for being physically 

active. For instance, although some Medicare supplement insurance and Medicare Advantage 

plans contain features including free or discounted gym membership, such features could be 

extended to all Medicare enrollees. Additionally, governments and communities could work 
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together to offer incentives to participate in sport programs and events as part of their physical 

activity initiatives.45 However, stakeholders must keep in mind the time-lagged effect that 

reducing healthcare costs through physical activity programs may take time, at least 2–3 years, as 

suggeted in the current study. An implication is that successful prevention and wellness 

initiatives should be sustained over time. 

 

Limitations 

Several limitations of this study should be considered. First, this study focused on the costs of 

Medicare Parts A and B, which cover two main types of services utilized by the population aged 

65 years and older. Although Medicare Parts C and D have grown over the study period (2003–

2014), they still represent small proportions of enrollment and spending.46 By 2014, Medicare 

Parts A and B included 70% of the total Medicare enrollment. Similarly, Parts A and B spending 

amounted to more than two thirds of the total Medicare spending between 2003 and 2014.46 

Furthermore, the time-fixed effect included in the current model partly adjust for changes over 

time, such as the growth in Medicare Advantage and Medicare Part D. Future work should 

consider costs of prescription drugs, Medicare Advantage, as well as healthcare costs covered by 

other payers such as Medicaid and private insurers. 

 

Second, this study used the percentage of adults who participated in leisure-time physical activity 

in the 30 days preceding the survey to measure the physical activity prevalence in each state. 

This assessment is more inclusive than 2018 federal physical activity guidelines of 150–300 

minutes of moderate-intensity aerobic activity per week, 75–150 minutes of vigorous-intensity 

aerobic activity per week, or an equivalent combination of moderate- and vigorous-intensity 

aerobic activity.5 When compared with the average physical activity prevalence of 67% in the 
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current study, in 2013 in the U.S., 44% of older adults reported a minimum of 150 minutes per 

week of moderate or 75 minutes per week vigorous-intensity activity.11 This discrepancy is 

expected because of the inclusiveness of the physical activity measure used in this study. The 

present results represent minimal estimates, and the more stringent definition of physical activity 

would likely lead to larger associations with healthcare costs. Following the approach by Carlson 

and colleagues,13 using measures of physical activity based on the public health officials’ 

recommended guidelines should be considered in future work. 

 

Third, the current estimation provides correlations between physical activity prevalence and 

Medicare costs across states. The results neither provide causal relationships nor reveal the 

relationship between physical activity and healthcare costs at the individual level. Fourth, 

although the fixed-effect models controlled for several time-varying factors and time-invariant 

state-specific factors, some unmeasured state-level time-varying factors could confound the 

estimates. Finally, future work is needed on local communities to understand how lower-level 

macro-level factors relate to healthcare costs. 

 

CONCLUSIONS 

The results from the current study indicate that a higher prevalence of physical activity is 

associated with lower Medicare Parts A and B costs for older adults in each state, with a time-lag 

effect of 2–3 years. Long-term investments in policies and interventions focusing on promoting 

physical activity may contribute to control healthcare costs if the programs are sustained over 

time. 

  



14 

ACKNOWLEDGMENTS 

 

Author responsibilities were as follows: MS designed the study, conducted data analyses, and 

drafted the initial manuscript. JD and YI assisted with the study design, interpreted the results, 

and critically reviewed and revised the manuscript. DF interpreted the results, critically reviewed 

and revised the manuscript, and approved the manuscript to be submitted. FW provided advice 

on the models and healthcare cost data, and critically reviewed and revised the manuscript. 

 

No financial disclosures were reported by the authors of this paper. 

 

  



15 

REFERENCES 

 

1. Martin AB, Hartman M, Washington B, Catlin A, The National Health Expenditure 

Accounts Team. National health care spending in 2017: growth slows to post–great 

recession rates; share of GDP stabilizes. Health Aff (Millwood). 2019;38(1):96‒106. 

https://doi.org/10.1377/hlthaff.2018.05085. 

2. Vespa J, Armstrong DM, Medina L. Demographic Turning Points for the United States: 

Population Projections for 2020 to 2060. Washington, DC: U.S. Census Bureau; 2018. 

3. Sawyer B, Sroczynski N. How do health expenditures vary across the population? 

www.healthsystemtracker.org/chart-collection/health-expenditures-vary-across-

population/#item-start. Published 2017. Accessed December 19, 2019. 

4. Wang F, McDonald T, Reffitt B, Edington DW. BMI, physical activity, and health care 

utilization/costs among Medicare retirees. Obes Res. 2005;13(8):1450–1457. 

https://doi.org/10.1038/oby.2005.175. 

5. HHS. Physical Activity Guidelines for Americans, 2nd Edition. 

https://health.gov/paguidelines/second-

edition/pdf/Physical_Activity_Guidelines_2nd_edition.pdf. Published 2018. Accessed 

December 19, 2019. 

6. Taylor D. Physical activity is medicine for older adults. Postgrad Med J. 

2014;90(1059):26–32. https://doi.org/10.1136/postgradmedj-2012-131366. 

7. Bherer L, Erickson KI, Liu-Ambrose T. A review of the effects of physical activity and 

exercise on cognitive and brain functions in older adults. J Aging Res. 

2013;2013:657508. https://doi.org/10.1155/2013/657508. 

https://doi.org/10.1377/hlthaff.2018.05085
http://www.healthsystemtracker.org/chart-collection/health-expenditures-vary-across-population/#item-start
http://www.healthsystemtracker.org/chart-collection/health-expenditures-vary-across-population/#item-start
https://doi.org/10.1038/oby.2005.175
https://health.gov/paguidelines/second-edition/pdf/Physical_Activity_Guidelines_2nd_edition.pdf
https://health.gov/paguidelines/second-edition/pdf/Physical_Activity_Guidelines_2nd_edition.pdf
https://doi.org/10.1136/postgradmedj-2012-131366
https://doi.org/10.1155/2013/657508


16 

8. Paterson DH, Warburton DE. Physical activity and functional limitations in older adults: 

a systematic review related to Canada’s Physical Activity Guidelines. Int J Behav Nutr 

Phys Act. 2010;7:38. https://doi.org/10.1186/1479-5868-7-38. 

9. Chodzko-Zajko WJ, Proctor DN, Singh MAF, et al. Exercise and physical activity for 

older adults. Med Sci Sports Exerc. 2009;41(7):1510–1530. 

https://doi.org/10.1249/mss.0b013e3181a0c95c. 

10. Neidrick TJ, Fick DM, Loeb SJ. Physical activity promotion in primary care targeting the 

older adult. J Am Acad Nurse Pract. 2012;24(7):405‒416. https://doi.org/10.1111/j.1745-

7599.2012.00703.x. 

11. Keadle SK, McKinnon R, Graubard BI, Troiano RP. Prevalence and trends in physical 

activity among older adults in the United States: a comparison across three national 

surveys. Prev Med. 2016;89:37‒43. https://doi.org/10.1016/j.ypmed.2016.05.009. 

12. CDC. Percent of adults who engage in no leisure-time physical activity. 

https://chronicdata.cdc.gov/Nutrition-Physical-Activity-and-Obesity/Percent-of-Adults-

who-engage-in-no-leisure-time-ph/6nef-e823. Published 2019. Accessed December 20, 

2019. 

13. Carlson SA, Fulton JE, Pratt M, Yang Z, Adams EK. Inadequate physical activity and 

health care expenditures in the United States. Prog Cardiovasc Dis. 2015;57(4):315‒323. 

https://doi.org/10.1016/j.pcad.2014.08.002. 

14. Wang F, McDonald T, Champagne LJ, Edington DW. Relationship of body mass index 

and physical activity to health care costs among employees. J Occup Environ Med. 

2004;46(5):428–436. https://doi.org/10.1097/01.jom.0000126022.25149.bf. 

https://doi.org/10.1186/1479-5868-7-38
https://doi.org/10.1249/mss.0b013e3181a0c95c
https://doi.org/10.1111/j.1745-7599.2012.00703.x
https://doi.org/10.1111/j.1745-7599.2012.00703.x
https://doi.org/10.1016/j.ypmed.2016.05.009
https://chronicdata.cdc.gov/Nutrition-Physical-Activity-and-Obesity/Percent-of-Adults-who-engage-in-no-leisure-time-ph/6nef-e823
https://chronicdata.cdc.gov/Nutrition-Physical-Activity-and-Obesity/Percent-of-Adults-who-engage-in-no-leisure-time-ph/6nef-e823
https://doi.org/10.1016/j.pcad.2014.08.002
https://doi.org/10.1097/01.jom.0000126022.25149.bf


17 

15. Peeters GG, Mishra GD, Dobson AJ, Brown WJ. Health care costs associated with 

prolonged sitting and inactivity. Am J Prev Med. 2014;46(3):265–272. 

https://doi.org/10.1016/j.amepre.2013.11.014. 

16. Krueger H, Krueger J, Koot J. Variation across Canada in the economic burden 

attributable to excess weight, tobacco smoking and physical inactivity. Can J Public 

Health. 2015;106(4):E171‒E177. https://doi.org/10.17269/cjph.106.4994. 

17. Maresova K. The costs of physical inactivity in the Czech Republic in 2008. J Phys Act 

Health. 2014;11(3):489‒494. https://doi.org/10.1123/jpah.2012-0165. 

18. Scarborough P, Bhatnagar P, Wickramasinghe KK, Allender S, Foster C, Rayner M. The 

economic burden of ill health due to diet, physical inactivity, smoking, alcohol and 

obesity in the UK: an update to 2006–07 NHS costs. J Public Health. 2011;33(4):527‒

535. https://doi.org/10.1093/pubmed/fdr033. 

19. Garrett NA, Brasure M, Schmitz KH, Schultz MM, Huber MR. Physical inactivity: direct 

cost to a health plan. Am J Prev Med. 2004;27(4):304‒309. 

https://doi.org/10.1016/j.amepre.2004.07.014. 

20. Dallmeyer S, Wicker P, Breuer C. How an aging society affects the economic costs of 

inactivity in Germany: empirical evidence and projections. Eur Rev Aging Phys Act. 

2017;14:18. https://doi.org/10.1186/s11556-017-0187-1. 

21. Ding D, Lawson KD, Kolbe-Alexander TL, et al. The economic burden of physical 

inactivity: a global analysis of major non-communicable diseases. Lancet. 

2016;388(10051):1311‒1324. https://doi.org/10.1016/s0140-6736(16)30383-x. 

https://doi.org/10.1016/j.amepre.2013.11.014
https://doi.org/10.17269/cjph.106.4994
https://doi.org/10.1123/jpah.2012-0165
https://doi.org/10.1093/pubmed/fdr033
https://doi.org/10.1016/j.amepre.2004.07.014
https://doi.org/10.1186/s11556-017-0187-1
https://doi.org/10.1016/s0140-6736(16)30383-x


18 

22. Sato M, Inoue Y, Du J, Funk DC. Access to parks and recreational facilities, physical 

activity, and health care costs for older adults: evidence from U.S. counties. J Leis Res. 

2019;50(3):220‒238. https://doi.org/10.1080/00222216.2019.1583048. 

23. McLeroy KR, Bibeau D, Steckler A, Glanz K. An ecological perspective on health 

promotion programs. Health Educ Behav. 1988;15(4):351‒377. 

https://doi.org/10.1177/109019818801500401. 

24. Sallis JF, Cervero RB, Ascher W, Henderson KA, Kraft MK, Kerr J. An ecological 

approach to creating active living communities. Annu Rev Public Health. 2006;27:297‒

322. https://doi.org/10.1146/annurev.publhealth.27.021405.102100. 

25. DNPAO Public Inquiries. CDC nutrition, physical activity, and obesity - legislation. 

https://chronicdata.cdc.gov/Nutrition-Physical-Activity-and-Obesity/CDC-Nutrition-

Physical-Activity-and-Obesity-Legisl/nxst-x9p4. Published 2018. Accessed September 

28, 2019. 

26. Cairney J, Veldhuizen S. Organized sport and physical activity participation and body 

mass index in children and youth: a longitudinal study. Prev Med Rep. 2017;6:336‒338. 

https://doi.org/10.1016/j.pmedr.2017.04.005. 

27. Mekary RA, Lucas M, Pan A, et al. Isotemporal substitution analysis for physical 

activity, television watching, and risk of depression. Am J Epidemiol. 2013;178(3):474‒

483. https://doi.org/10.1093/aje/kws590. 

28. Rockhill B, Willett WC, Manson JE, et al. Physical activity and mortality: a prospective 

study among women. Am J Public Health. 2001;91(4):578‒583. 

https://doi.org/10.2105/ajph.91.4.578. 

https://doi.org/10.1080/00222216.2019.1583048
https://doi.org/10.1177/109019818801500401
https://doi.org/10.1146/annurev.publhealth.27.021405.102100
https://chronicdata.cdc.gov/Nutrition-Physical-Activity-and-Obesity/CDC-Nutrition-Physical-Activity-and-Obesity-Legisl/nxst-x9p4
https://chronicdata.cdc.gov/Nutrition-Physical-Activity-and-Obesity/CDC-Nutrition-Physical-Activity-and-Obesity-Legisl/nxst-x9p4
https://doi.org/10.1016/j.pmedr.2017.04.005
https://doi.org/10.1093/aje/kws590
https://doi.org/10.2105/ajph.91.4.578


19 

29. Austin AM, Gottlieb DJ, Carmichael DQ, et al. Technical Report: A Standardized 

Method for Adjusting Medicare Expenditures for Regional Differences in Prices. The 

Dartmouth Institute for Health Policy and Clinical Practice; 2018. 

https://atlasdata.dartmouth.edu/downloads/methods/Std_prices_techreport.pdf. Accessed 

December 19, 2019. 

30. The Dartmouth Atlas of Health Care. Research Methods. The Dartmouth Institute for 

Health Policy and Clinical Practice 

http://archive.dartmouthatlas.org/downloads/methods/research_methods.pdf. Accessed 

April 11, 2018. 

31. Pierannunzi C, Hu SS, Balluz L. A systematic review of publications assessing reliability 

and validity of the Behavioral Risk Factor Surveillance System (BRFSS), 2004–2011. 

BMC Med Res Methodol. 2013;13:49. https://doi.org/10.1186/1471-2288-13-49. 

32. Cuckler G, Sisko A. Modeling per capita state health expenditure variation: state-level 

characteristics matter. Medicare Medicaid Res Rev. 2013;3(4):E1‒E21. 

https://doi.org/10.5600/mmrr.003.04.a03. 

33. Rosenberger RS, Sneh Y, Phipps TT, Gurvitch R. A spatial analysis of linkages between 

health care expenditures, physical inactivity, obesity and recreation supply. J Leis Res. 

2005;37(2):216‒235. https://doi.org/10.1080/00222216.2005.11950051. 

34. Berchick ER, Hood E, Barnett JC. Health Insurance Coverage in the United States: 2017. 

Washington, DC: U.S. Department of Commerce Economics and Statistics 

Administration, U.S. Census Bureau; 2018. 

www.census.gov/content/dam/Census/library/publications/2018/demo/p60-264.pdf. 

Accessed December 19, 2019. 

https://atlasdata.dartmouth.edu/downloads/methods/Std_prices_techreport.pdf
http://archive.dartmouthatlas.org/downloads/methods/research_methods.pdf
https://doi.org/10.1186/1471-2288-13-49
https://doi.org/10.5600/mmrr.003.04.a03
https://doi.org/10.1080/00222216.2005.11950051
http://www.census.gov/content/dam/Census/library/publications/2018/demo/p60-264.pdf


20 

35. Kaiser Family Foundation. An Overview of Medicare. San Francisco, CA: Kaiser Family 

Foundation; 2019. www.kff.org/medicare/issue-brief/an-overview-of-medicare/. 

Accessed July 9, 2019. 

36. Atasoy H, Chen P, Ganju K. The spillover effects of health IT investments on regional 

healthcare costs. Manag Sci. 2018;64(6):2515‒2534. 

https://doi.org/10.1287/mnsc.2017.2750. 

37. Anderson LH, Martinson BC, Crain AL, et al. Health care charges associated with 

physical inactivity, overweight, and obesity. Prev Chronic Dis. 2005;2(4):A09. 

www.ncbi.nlm.nih.gov/pmc/articles/PMC1435706/. Accessed November 27, 2017. 

38. Mora T, Gil J, Sicras-Mainar A. The influence of obesity and overweight on medical 

costs: a panel data perspective. Eur J Health Econ. 2015;16(2):161‒173. 

https://doi.org/10.1007/s10198-014-0562-z. 

39. Manning WG, Mullahy J. Estimating log models: to transform or not to transform? J 

Health Econ. 2001;20(4):461–494. https://doi.org/10.1016/s0167-6296(01)00086-8. 

40. An R. Health care expenses in relation to obesity and smoking among U.S. adults by 

gender, race/ethnicity, and age group: 1998–2011. Public Health. 2015;129(1):29‒36. 

https://doi.org/10.1016/j.puhe.2014.11.003. 

41. McAuley PA, Blair SN. Obesity paradoxes. J Sports Sci. 2011;29(8):773‒782. 

https://doi.org/10.1080/02640414.2011.553965. 

42. Christopoulou R, Han J, Jaber A, Lillard DR. Dying for a smoke: how much does 

differential mortality of smokers affect estimated life-course smoking prevalence? Prev 

Med. 2011;52(1):66‒70. https://doi.org/10.1016/j.ypmed.2010.11.011. 

http://www.kff.org/medicare/issue-brief/an-overview-of-medicare/
https://doi.org/10.1287/mnsc.2017.2750
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1435706/
https://doi.org/10.1007/s10198-014-0562-z
https://doi.org/10.1016/s0167-6296(01)00086-8
https://doi.org/10.1016/j.puhe.2014.11.003
https://doi.org/10.1080/02640414.2011.553965
https://doi.org/10.1016/j.ypmed.2010.11.011


21 

43. Barendregt JJ, Bonneux L, van der Maas PJ. The health care costs of smoking. N Engl J 

Med. 1997;337(15):1052‒1057. https://doi.org/10.1056/nejm199710093371506. 

44. Hatfield LA, Favreault MM, McGuire TG, Chernew ME. Modeling health care spending 

growth of older adults. Health Serv Res. 2018;53(1):138‒155. 

https://doi.org/10.1111/1475-6773.12640. 

45. Sato M, Du J, Inoue Y. Rate of physical activity and community health: evidence from 

U.S. counties. J Phys Act Health. 2016;13(6):640‒648. 

https://doi.org/10.1123/jpah.2015-0399. 

46. Medical Payment Advisory Commission. Report to the Congress: Medicare Payment 

Policy. Washington, DC: Medical Payment Advisory Commission; 2019. 

 

 

https://doi.org/10.1056/nejm199710093371506
https://doi.org/10.1111/1475-6773.12640
https://doi.org/10.1123/jpah.2015-0399


22 

Table 1. Variable Description 
Variable Description Data source 
Healthcare cost Mean Medicare costs (Parts A and B) per enrollee Dartmouth Atlas of Health Care 
Physical activity 
prevalence 

Percentage of adults aged >65 years reporting leisure-time 
physical activity or exercise 

Behavioral Risk Factor Surveillance 
System 

Smoking Percentage of adults aged >65 years reporting currently 
smoking 

Behavioral Risk Factor Surveillance 
System 

Obesity Percentage of adults aged >65 years reporting BMI ≥30 Behavioral Risk Factor Surveillance 
System 

Married Percentage of adults aged >65 years who reported being 
married 

Current Population Survey 

College graduate Percent of adults aged >65 years who reported a bachelor’s 
degree or more 

Current Population Survey 

Female Percentage of female population for those aged >65 years Current Population Survey 
White Percentage of white population for those aged >65 years Current Population Survey 
Age >65 years Percentage of the population aged >65 years Current Population Survey 
Poverty Percentage of the total population living below the federal 

poverty level 
Small Area Income and Poverty 
Estimates Program 

Income Median household income Small Area Income and Poverty 
Estimates Program 

Unemployment Percentage of adults age >16 years unemployed and looking for 
work 

National Bureau of Economic 
Research 
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Table 2. Descriptive Statistics of the Sample (n=611) 
Variables Mean SD 
Healthcare cost ($) 8,258.32 1,378.13 
Physical activity prevalence 0.67 0.05 
Smoking 0.09 0.02 
Obesity 0.23 0.03 
Married 0.56 0.06 
College graduate 0.21 0.06 
Female 0.56 0.03 
White 0.87 0.14 
Age >65 years 0.13 0.02 
Poverty 0.14 0.03 
Median household income ($) 49,501.73 8,602.53 
Unemployment 0.06 0.02 
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Table 3. Relationship Between Physical Activity and Healthcare Costs in U.S. States 
 DV: log (healthcare costs) 
Variables (1) (2) (3) (4) 
Physical activity prevalence 0.04 (−0.07, 0.16) 0.05 (−0.05, 0.15) 0.06 (−0.04, 0.16) 0.06 (−0.04, 0.16) 
Physical activity prevalence (t-1) 

 
−0.02 (−0.11, 0.08) 0.01 (−0.08, 0.09) 0.02 (−0.07, 0.10) 

Physical activity prevalence (t-2) 
  

−0.10* (−0.19, −0.02) −0.08* (−0.16, −0.01) 
Physical activity prevalence (t-3) 

   
−0.09* (−0.16, −0.02) 

Smoking 0.07 (−0.13, 0.28) 0.07 (−0.13, 0.28) 0.06 (−0.15, 0.26) 0.06 (−0.14, 0.26) 
Obesity 0.03 (−0.12, 0.18) 0.03 (−0.12, 0.18) 0.04 (−0.10, 0.19) 0.05 (−0.10, 0.19) 
Married 0.01 (−0.07, 0.10) 0.01 (−0.07, 0.10) 0.01 (−0.07, 0.09) 0.01 (−0.07, 0.09) 
College graduate −0.03 (−0.11, 0.04) −0.03 (−0.11, 0.04) ‒0.03 (−0.11, 0.04) −0.04 (−0.12, 0.04) 
Female 0.02 (−0.11, 0.14) 0.02 (−0.11, 0.14) 0.02 (−0.11, 0.14) 0.02 (−0.11, 0.14) 
White 0.05 (−0.07, 0.17) 0.05 (−0.07, 0.17) 0.06 (−0.06, 0.17) 0.05 (−0.06, 0.17) 
Age >65 years ‒0.15 (−0.45, 0.15) −0.15 (−0.45, 0.16) ‒0.15 (−0.45, 0.15) −0.14 (−0.45, 0.16) 
Poverty 0.63* (0.15, 1.11) 0.64** (0.17, 1.11) 0.64** (0.18, 1.10) 0.63** (0.18, 1.09) 
Log (income) 0.01 (−0.11, 0.12) 0.01 (−0.11, 0.13) 0.01 (−0.11, 0.13) 0.00 (−0.11, 0.12) 
Unemployment −0.06 (−0.30, 0.18) −0.06 (−0.30, 0.18) −0.06 (−0.31, 0.18) −0.07 (−0.31, 0.17) 
State fixed effects Yes Yes Yes Yes 
Year fixed effects Yes Yes Yes Yes 
Observations 611 610a 609b 608c 
R2 0.53 0.53 0.55 0.56 

Note: Boldface indicates statistical significance (*p<0.05; **p<0.01). The numbers in parenthesis represents 95% CIs, which are 
based on robust SEs. 
aOne observation was removed from the analysis due to missing data in physical activity prevalence at t-1. 
bTwo observations were removed from the analysis due to missing data in physical activity prevalence at t-1 and t-2. 
cThree observations were removed from the analysis due to missing data in physical activity prevalence at t-1, t-2, and t-3. 
  



25 

Table 4. Robust Analysis of the Relationship Between Physical Activity and Healthcare Costs in U.S. States 
 DV: log (healthcare costs) 
Variables (1) (2) (3) 
Physical activity prevalence 0.05 (−0.05, 0.15) 0.06 (−0.03, 0.16) 0.06 (−0.03, 0.16) 
Physical activity prevalence (t-1) −0.01 (−0.10, 0.08) 0.01 (−0.07, 0.09) 0.02 (−0.06, 0.10) 
Physical activity prevalence (t-2) 

 
−0.12** (−0.20, −0.03) −0.10* (−0.17, −0.02) 

Physical activity prevalence (t-3) 
  

−0.09* (−0.16, −0.01) 
Smoking 0.05 (−0.13, 0.23) 0.04 (−0.15, 0.22) 0.04 (−0.14, 0.22) 
Smoking (t-1) 0.13 (−0.09, 0.34) 0.14 (−0.06, 0.34) 0.12 (−0.08, 0.31) 
Smoking (t-2) 

 
−0.01 (−0.24, 0.21) ‒0.03 (−0.24, 0.19) 

Smoking (t-3) 
  

0.08 (−0.22, 0.37) 
Obesity 0.02 (−0.12, 0.17) 0.05 (−0.10, 0.19) 0.05 (−0.09, 0.20) 
Obesity (t-1) 0.00 (−0.13, 0.14) 0.01 (−0.12, 0.14) 0.02 (−0.10, 0.15) 
Obesity (t-2) 

 
−0.09 (−0.23, 0.05) −0.09 (−0.22, 0.04) 

Obesity (t-3) 
  

−0.04 (−0.17, 0.08) 
State fixed effects Yes Yes Yes 
Year fixed effects Yes Yes Yes 
Controlsa Yes Yes Yes 
Observations 610b 609c 608d 
R2 0.54 0.55 0.56 

Note: Boldface indicates statistical significance (*p<0.05; **p<0.01). The numbers in parenthesis represents 95% CIs, which are 
based on robust SEs. 
aControls included married, college graduate, female, white, age >65 years, log (population), poverty, log (income), and 
unemployment. 
bOne observation was removed from the analysis due to missing data in physical activity prevalence at t-1. 
cTwo observations were removed from the analysis due to missing data in physical activity prevalence at t-1 and t-2. 
dThree observations were removed from the analysis due to missing data in physical activity prevalence at t-1, t-2, and t-3. 


