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Modeling The Economic And
Health Impact Of Increasing
Children’s Physical Activity In The
United States
Increasing physical activity among children is a potentially
important public health intervention. Quantifying the economic and
health effects of the intervention would help decision makers understand
its impact and priority. Using a computational simulation model that we
developed to represent all US children ages 8–11 years, we estimated that
maintaining the current physical activity levels (only 31.9 percent of
children get twenty-five minutes of high-calorie-burning physical activity
three times a week) would result each year in a net present value of
$1.1 trillion in direct medical costs and $1.7 trillion in lost productivity
over the course of their lifetimes. If 50 percent of children would
exercise, the number of obese and overweight youth would decrease by
4.18 percent, averting $8.1 billion in direct medical costs and $13.8 billion
in lost productivity. Increasing the proportion of children who exercised
to 75 percent would avert $16.6 billion and $23.6 billion, respectively.
ABSTRACT

R

ising rates of obesity among children have caught the attention of
many health care providers and
health officials, leading to an increased focus on children’s diet
and physical activity. Only 31.9 percent of children are “active to a healthy level” as defined by
the Sports and Fitness Industry Association (performing twenty-five minutes of high-calorieburning physical activity three times a week).1
From a policy perspective, however, without
knowing the current physical activity landscape
in children and the potential impact of increasing the number of children who meet the guidelines, policy makers and funders might not know
where a strategy to increase children’s physical
activity should rank among many competing
priorities. Quantifying the resulting economic
and health benefit would help decision makers
understand the impact and priority of such a
strategy.2,3
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Quantifying this impact can be challenging.
Although physical activity has immediate benefits such as improved mood,4 much of the impact
occurs in the future, throughout a person’s lifetime. The benefits include reducing the risk of
obesity and associated chronic diseases, such as
coronary heart disease, diabetes, and cancer.5
While helping manage weight is certainly not
the only health benefit of physical activity, its
potential to reduce obesity and overweight prevalence alone makes increasing physical activity a
potentially important public health intervention. To capture all of these weight-related downstream effects, we developed a computational
simulation model that represents the current
population of US children and shows how
changes in levels of physical activity could affect
them throughout their lifetime, and the resulting economic impact.
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Study Data And Methods

take into account both anthropometric measures
of obesity, such as BMI, and the presence and
severity of risk factors associated with excess
weight.) These states represent a range from
healthy to obese and include the clinical risk
factors and health outcomes most strongly
linked to obesity (for a detailed description of
the states, see the Appendix).6
The BMI of each agent at the end of the childhood stage determined the agent’s health state
at the beginning of the adult stage, which proceeded in one-year time steps until the agent
moved to the death state as a result of either
disease- or age-related mortality. Throughout
the adult stage, the agents transitioned between
health states based on age-related changes in
weight status, physical activity habits, and dietary habits, as reflected in the Coronary Artery
Disease Risk Development in Young Adults
(CARDIA)14 and Atherosclerosis Risk in Communities (ARIC) studies.15 These population studies
tracked adults over more than twenty years and
collected a wide range of data on health outcomes and risk factors, including BMI. Each
agent’s age and health state was associated with
a probability of having four obesity-associated
health outcomes: stroke, cancer, coronary heart
disease, and the complications of type 2 diabetes
mellitus (Appendix 2 provides details about the
possible health outcomes and their probabilities).6 At each yearly time step, the probabilities
of moving between different health states and
having various health outcomes were directly
linked to changes in BMI status.
In each simulated year, each agent accrued
state-, health-outcome-, and age-specific medical
costs, lost productivity, and quality-adjusted
life-years (QALYs)—a routinely used summary
measure of health outcome—that were specifically due to the agent’s BMI status (for example,
the additional diseases and different health outcomes that an overweight person would have,
compared to those of someone of normal
weight). Note that all of these began accruing
at age eighteen (for a detailed description of
the included direct and indirect costs, see the
Appendix).6
We used a 3 percent discount rate to convert all
past and future costs to 2016 US dollars.
Simulation Experiments In addition to
modeling the current levels of physical activity
in the United States, we tested various experimental scenarios that increased the proportion
of the youth population meeting guidelines for
healthy levels of physical activity. Specifically,
our simulation experiments explored scenarios
in which an increasing proportion (50–100 percent) of US youth participated in physical activity
at one of two levels: “active to a healthy level”
May 2 017
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Model Overview To quantify the economic and
health impact of increasing physical activity, we
developed a two-stage computational simulation
model that represented the US population of
children ages 8–11 years in 2016 (for a detailed
explanation of creating a representative virtual
population, see the online Appendix).6 The first
stage represented each child’s remaining adolescent years, up to adulthood at age eighteen. The
second stage represented the progression of
each “agent” (explained below) from the start
of adulthood through the rest of his or her
lifetime.
First Stage: Childhood Years For modeling
childhood years, we used an agent-based model
that represented each child by a computational
“agent” with independent decision-making abilities. Similar to a real child, each agent had a set
of sociodemographic and clinical characteristics. Each agent’s age, sex, ethnicity, height, lean
tissue mass, and fat tissue mass matched those of
representative children from the 2005 and 2013
National Health and Nutrition Examination
Survey (NHANES).7,8 NHANES data helped us
create the initial distributions of agent heights
and weights. Each agent also had an embedded
metabolic model specific to his or her sex,
weight, and age, which converted daily caloric
intake and expenditure into corresponding daily
weight changes.9
The simulations proceeded in one-day time
steps, with each agent growing in height based
on age- and height-adjusted nationally representative growth charts from the National Center for
Health Statistics.10 Since this study focused on
the impact of physical activity, each agent consumed a daily amount of calories to maintain a
constant body mass index (BMI) percentile if his
or her level of physical activity was unchanged.
In each simulated day, each agent had probabilities of engaging in physical activity, which
translated to caloric expenditures. Different experiments (described below) looked at both the
current participation in physical activity and the
impact of increasing participation.11 The simulation continued until each agent reached age eighteen (for a summary of the input parameters for
both stages of the model, see the Appendix).6
Second Stage: Adult Years At age eighteen,
each agent moved to the adult portion of the
model, a Markov model we developed using
TreeAge Pro 2015. A Markov model is useful
for predicting future states, and we used it to
predict changes in the agents’ obesity status
and obesity-associated health outcomes.
We defined fifteen health states that corresponded to well-established clinical staging
systems for obesity.12,13 (Such staging systems
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Consumer Price Index.
Finally, the goal of our study was to quantify
the impact of increasing physical activity in general, not to evaluate policies and interventions
related to physical activity. Future studies evaluating physical activity policies and interventions
need to further incorporate the costs of implementation and associated efficacies.

Study Results
Current Physical Activity Levels In our
model, maintaining the current levels of physical
activity—that is, 31.9 percent of children meeting
the standard of “active to a healthy level”—
resulted in 8,142,383 (95% range of variation
from all scenario runs: 7,805,954, 8,478,811)
youths being overweight or obese in America
in 2020, which would result in a net present
value of $1.1 (95% range: 0.95, 1.2) trillion in
direct medical costs and $1.7 (95% range: 1.4,
1.9) trillion in lost productivity each year. Sixtythree percent of youths would eventually develop
at least one major obesity-attributable disease
(coronary heart disease, type 2 diabetes, stroke,
or cancer) in their lifetime, and 18 percent would
have at least two. There would eventually be
7,627,538 (95% range: 7,361,679, 7,893,397)
cases of coronary heart disease, 10,233,534
(95% range: 9,942,707, 10,524,362) cases of
type 2 diabetes, 3,120,212 (95% range:
2,934,961, 3,305,463) strokes, and 14,432,965
(95% range: 14,137,113, 14,728,817) cases of
cancer attributable to being overweight or obese.

Exhibit 1
Average lifetime costs averted by reaching “active to a
healthy level” per person, by body mass index (BMI) status

Medical care costs

Lost productivity
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BMI status
SOURCE Authors’ analysis. NOTES For people ages six and above,
being physically active to a healthy level, as defined by the Sports
and Fitness Industry Association, is twenty-five minutes of highcalorie-burning physical activity three times a week. Normal
weight is having a BMI of 18.0–24.9 kg/m2. Overweight is having
a BMI of 25.0–29.9 kg/m 2. Obese is having a BMI of 30 kg/m2 or
more.
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(twenty-five minutes of high-calorie-burning
physical activity three times a week, for all Americans ages six years and older), as defined by the
Sports and Fitness Industry Association;1 and the
level recommended by the Centers for Disease
Control and Prevention (CDC) (sixty minutes of
moderate physical activity each day, for children
ages 6–17 years).
We chose these two different levels of physical
activity for several reasons. First, both are widely
used by various stakeholders. Second, “active to
a healthy level” is a sports-based level, focusing
on children participating in sports and used by
organizations such as the Physical Activity Council11 and the Aspen Institute’s Project Play that
promote the participation of youth in sports.1
Third, many sports programs and guidelines
support participating in physical activity three
times a week.16–20 Therefore, the focus of this
level is more on higher-intensity activities. By
contrast, the CDC level emphasizes physical activities such as walking or casual biking that are
more frequent and of longer duration and that do
not necessarily have to be as intense as very active sports. Therefore, experiments with both
guidelines can help demonstrate the impact of
emphasizing different aspects of physical activity (for a further description of measures of physical activity intensity, see the Appendix).6
Limitations Our study had several limitations. First, all models were simplifications of
reality21,22 and could not include all possible
factors that affect the impact of changing rates
of participation in physical activity. For example,
to be conservative, we did not incorporate possible further declines in levels of physical activity
as adolescents got older.23,24 Instead, we determined the value of increasing versus maintaining current levels. Incorporating a decline with
age would further boost the value of increasing
physical activity.
Second, our study assumed that changing
levels of physical activity, regardless of intensity,
would not affect diet. While some studies have
suggested that increasing physical activity can
lead to short-term increases in consumption,
other studies have suggested that doing so can
actually promote healthier lifestyles in general.5,25,26 Future studies can explore the impact
of physical activity on dietary behaviors.
Third, our study focused on a specific set of
common physical health effects associated with
BMI changes and did not include the full spectrum of possible health effects, such as slowing
of age-related loss of muscle mass and bone density and improving mental health and mood.27
Fourth, our use of the 3 percent inflation rate
may underestimate future medical costs, as medical inflation has typically outpaced that in the

An overweight person’s average lifetime medical costs and lost productivity are $62,331 and
$93,075, respectively (Exhibit 1). For an obese
person, the average amounts are even greater.
Increasing The Proportion Of Active
Youths To 50 Percent Increasing the proportion of youths meeting the CDC’s physical activity guidelines to 50 percent for the remainder of
their childhood would avert net present values of
$11.4 billion (95% range: 10.5, 12.9) in direct
medical costs and $25.1 billion (95% range:
22.3, 27.7) in lost productivity (Exhibit 2), as
well as 5.9 million (95% range: 4.6, 7.1) QALYs
(data not shown) annually.
Increasing to 50 percent the proportion of
youths who are “active to a healthy level” would
decrease the number of obese or overweight
youths by 4.18 percent (95% range: 3.78 percent,
4.55 percent) or 340,443 (95% range: 294,688,
386,198) (data not shown). Compared to current
levels of physical activity, this would avert net
present values of $8.1 billion (95% range: 5.0,
11.2) in direct medical costs and $13.8 billion
(95% range: 12.9, 14.7) in lost productivity (Exhibit 2). The resulting decrease in obesity-attributable diseases would be 338,751 (95% range:
332,650, 346,623) fewer strokes (a 10.86 percent reduction), 154,887 (95% range: 141,749,
179,839) fewer cases of coronary heart disease (a
2.03 percent reduction), 36,112 (95% range:
27,495, 46,416) fewer cases of type 2 diabetes
(a 0.35 percent reduction), and 31,791 (95%

Exhibit 2
US costs averted annually by increasing levels of children’s
participation in physical activity

SOURCE Authors’ analysis. NOTES For people ages 6 years and
above, being physically active to a healthy level, as defined by
the Sports and Fitness Industry Association, is twenty-five minutes of high-calorie-burning physical activity three times a week.
For children ages 6–17 years, the Centers for Disease Control
and Prevention recommends at least sixty minutes of moderate
physical activity each day.

range: 31,541, 31,941) fewer cases of cancer (a
0.22 percent reduction) (data not shown). This
in turn would save a total of 5,102,056 (95%
range: 3,743,069, 7,104,980) QALYs.
Increasing The Proportion Of Active
Youths To 75 Percent Increasing the share
of youths meeting the CDC’s physical activity
guidelines to 75 percent for the remainder of
their childhood would avert net present values
of $25.0 billion (95% range: 23.8, 28.4) in direct
medical costs and $43.8 billion (95% range:
42.9, 45.7) in lost productivity (Exhibit 2), as
well as 23.4 million (95% range: 21.6, 25.3)
QALYs (data not shown) annually.
Similarly, increasing the percentage of youths
who are “active to a healthy level” to 75 percent
(an increase of 43.1 percentage points) would
decrease the number of obese or overweight
youths by 803,785 (95% range: 690,505,
917,065) or by 9.87 percent (95% range: 8.85,
10.82). This corresponds to net present values of
a $16.6 billion (95% range: 15.5, 17.6) decrease
in direct medical costs and $23.6 billion (95%
range: 18.0, 29.2) in lost productivity. Compared
to current levels of physical activity, there would
be 376,480 (95% range: 266,244, 474,939) fewer strokes (a 12.07 percent reduction), 272,384
(95% range: 206,624, 309,220) fewer cases of
coronary heart disease (a 3.57 percent reduction), 190,400 (95% range: 170,349, 248,103)
fewer cases of type 2 diabetes (a 1.86 percent
reduction), and 291,897 (95% range: 250,466,
368,524) fewer cases of cancer (a 2.02 percent
reduction) (Exhibit 2), saving a total of
18,913,447
(95%
range:
16,820,868,
21,149,043) QALYs (data not shown).
Increasing The Proportion Of Active
Youths To 100 Percent Compared to current
levels of physical activity, having all youths meet
the CDC’s physical activity guidelines for the
remainder of their childhood would reduce the
number of overweight and obese youths by
4,113,570 (95% range: 3,999,751, 4,227,390)
or by 50.52 percent (95% range: 49.86, 51.24)
and would save $51.5 billion (95% range: 47.5,
54.7) in direct medical costs, $69.0 billion (95%
range: 67.8, 71.1) in lost productivity (Exhibit 2),
and 37.5 million (95% range: 35.1, 39.8) QALYs
(data not shown) each year. The result would be
696,577 (95% range: 686,626, 702,592) fewer
strokes (a 22.32 percent reduction), 799,892
(95% range: 750,567, 854,154) fewer cases of
coronary heart disease (an 10.49 percent reduction), 647,531 (95% range: 617,439, 690,207)
fewer cases of type 2 diabetes (a 6.33 percent
reduction), and 771,324 (95% range: 584,336,
877,410) fewer cases of cancer (a 5.34 percent
reduction).
Having all youths be “active to a healthy level”
May 2 017
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would result in 1,212,556 (95% range:
1,014,980, 1,394,962) or 14.89 percent (95%
range: 13.00, 16.45) fewer obese or overweight
youths. This would save $26.3 billion (95%
range: 22.7, 29.8) in direct medical costs,
$36.0 billion (95% range: 34.1, 37.9) in lost productivity (Exhibit 2), and 29.0 (95% range:
26.0, 31.3) million QALYs (data not shown). This
would also result in 535,872 (95% range:
434,801, 573,853) fewer strokes (a 17.17 percent
reduction), 472,952 (95% range: 330,514,
523,365) fewer cases of coronary heart disease
(a 6.20 percent reduction), 445,178 (95% range:
364,101, 643,430) fewer cases of type 2 diabetes
(a 4.35 percent reduction), and 450,732 (95%
range: 423,803, 476,310) fewer cases of cancer
(a 3.12 percent reduction).
Increasing The Intensity Of Physical Activity For Youths In addition to testing the
effect of varying the rate of youth participation
in physical activity, we also varied the intensity of
physical activity. Increasing that intensity produced significant changes in both direct costs

Exhibit 3
Changes in US costs averted annually among adults by varying the intensity of physical
activity

SOURCE Authors’ analysis of data from the following sources: Physical Activity Council. 2016 participation report (see Note 11 in text); and Aspen Institute. State of play 2016 (see Note 1 in text).
NOTE For people ages 6 years and above, being physically active to a healthy level, as defined by the
Sports and Fitness Industry Association, is twenty-five minutes of high-calorie-burning physical activity three times a week.
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and lost productivity (Exhibit 3). For example,
increasing the intensity of physical activity from
“active to a healthy level” to bicycling would avert
$9.9 billion in direct medical costs and $24.7 billion in lost productivity. Replacing “active to a
healthy level” with running at 10 miles per hour
would averted by $17.4 billion in direct medical
costs and $49.5 billion in lost productivity.

Discussion
Our study offers policy makers numbers to use in
comparing the benefits of increasing physical
activity and those of other competing priorities.
Even modest increases in physical activity could
yield billions of dollars in savings. Having all
of the US youth population meet the CDC’s
guidelines for physical activity would result in
direct medical cost savings comparable to approximately 1.6 percent of total national health
care spending in 2015 and 26.5 percent of all
annual health-related work losses.28,29 Despite
the potential cost savings, the United States is
not making the same level of centralized concerted efforts (such as creating a well-resourced national commission) to increase physical activity
as it is making to address other issues of similar
economic magnitude (for example, cancer). It
is also important to remember that physical activity influences health through other mechanisms besides the effect on weight status. For
example, physical activity can improve bone density, strengthen muscles, and enhance mood and
self-esteem.30
Moreover, our results showed cost savings
that were substantially higher than reported
costs for interventions to increase physical activity, which can help support the implementation
of various policies and interventions related to
physical activity. For example, the per person
potential cost savings are over 100 times the
published per person costs of physical activity
interventions, which can range from $0.0025
(for simple signs that prompt people to use
the stairs instead of an elevator or escalator)
to $153 (for individually tailored behavior
change programs).2 Even if the efficacies of a
physical activity intervention were relatively
low, increasing the physical activity of some
youth could yield returns that outweigh the intervention’s cost.
Our results may underestimate the impact of
increasing physical activity among children,
since many of our assumptions were conservative. For example, our model specifically looked
at the physical activity intervention of improving
weight status and metabolic profiles and did not
include all possible obesity-related health benefits (for example, those related to arthritis, sleep

apnea, and depression).30,31 Nor did we model
other potential benefits—including social, behavioral, emotional, and professional benefits—
from physical activity.30,32,33
Additionally, our results show how increasing
levels of physical activity intensity can provide
additional significant cost savings and therefore
serve as a guide for determining what specific
types of activities to recommend (for example,
more vigorous biking or running versus
walking).
Another key finding is that just focusing on the
short-term impact of increasing physical activity
will overlook the majority of the value of physical
activity initiatives. Many previous studies that
quantified certain effects of physical activity2,3
have focused more on immediate benefits. Decision makers may want to view and evaluate physical activity interventions as they do longer-term
investment projects such as major infrastructure
changes (for example, investments in highways
or transportation), economic stimulus efforts,
or defense. Additionally, our finding of the considerable reduction in lost productivity associated with increasing physical activity highlights
the need for decision makers not to overlook
either the impact of physical activity on future
productivity or ways to measure this impact
(such as by tracking absenteeism and presenteeism).
This work was supported by the Office
of Behavioral and Social Sciences
Research of the Eunice Kennedy Shriver
National Institute of Child Health and
Human Development (NICHD) (Grant
Nos. U01 HD086861 and R01

Finally, our study identified key drivers of the
potential cost savings. For example, as the prevalence of childhood obesity increases, so will the
value of increasing physical activity.34,35 Therefore, unless the obesity epidemic is reversed,
the value of increasing physical activity will continue to grow. Moreover, decision makers may
want to first target areas and populations that
have particularly high obesity rates.

Conclusion
Our study quantified the potential weight-related costs and health effects that might be averted
by increasing the percentage of youth who meet
different recommended levels of physical activity, demonstrated that the possible savings substantially outweigh published costs of physical
activity interventions, and identified the key
drivers of these savings. These numbers underestimate the impact of increasing physical activity, as physical activity also influences health
through important mechanisms that are independent of the effect of physical activity on
weight status. Current efforts to increase physical activity may not match the magnitude of the
possible savings, which suggests that increasing
physical activity should be a higher national
priority. ▪
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